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As#marine# invasions#become# increasingly# prevalent,# it# is# important# to# understand#
how# climate# change# may# moderate# invasive# species’# spread# and# their# interactions# with#
native#communities.#Balanus'glandula,'an#dominant#intertidal#barnacle,#is#one#of#few#widely#




spread# further# along# the# coast# and# what# impacts# it# may# have.# Therefore,# I# firstly#
determined# the# distribution# and# abundance# of#B.' glandula' in# relation# to# native# barnacle#
species#in#its#current#invaded#range#along#the#West#Coast#of#South#Africa.#Abundances#of#B.'




South# Coast.# Significant,# yet# nonVsystematic# differences# in# the# abundance# of# B.' glandula#
among#sites#and#years#suggest#fluctuations#in#recruitment#intensity#and#variations#in#larval#








been# displaced# by# B.' glandula' from# the# West# Coast.# Substratum# temperature# was#
manipulated# using# black,# grey,# white# and# clear# PVC# plates# that# were# secured# onto# the#
substratum# in# the#midVshore.# These#were# contrasted#with# bare# rock# at# two# sites# on# the#
West#and#South#Coasts#each.#B.'glandula#recruited#only#on#the#West#Coast#and#C.'dentatus#
only#on#the#South#Coast.#Although#this#prevented#direct#comparisons#between#species,#their#
relative# responses# to# substratum# temperature# were# assessed.# Unexpectedly,# changing#
substratum#temperature#had#no#systematic#effects#on#settlement,#mortality,#recruitment#or#
growth# of# either# species.# While# regional# differences# between# the# coasts# must# be#
acknowledged,# the# fact# that# settlement# and# recruitment# of# B.' glandula# were# higher,#
mortality#was# lower# and# growth#was# greater# on# natural# rock# than# that# of#C.' dentatus' is#
vi"
"
notable.' This# suggests# that# a# competitive# advantage# held# by# B.' glandula# may# be# more#





Notomegabalanus' algicola.# In# order# to# simulate# West# and# South# Coast# conditions,#
experiments# were# conducted# at# 13# and# 20°C# (the# mean# temperatures# of# the# West# and#
South# Coasts,# respectively)# and# at# high# (32# x# 106# algal# cells.mlV1)# and# low# (1# x# 106# algal#
cells.mlV1)#food#concentrations,#representing#the#high#and#low#primary#productivity#of#the#
two#coasts.#Barnacles#were#allowed#to#feed#for#one#hour#after#which#remaining#algal#cells#
were#quantified#using# flow#cytometry.#To#assess# feeding#behavior,# individuals#of# the# two#
species#were#filmed#and#the#percentage#of#feeding#individuals,#the#time#spent#feeding,#cirral#
beat# rates# and# feeding# types# displayed#were# quantified.# Under# thermal# and# productivity#
profiles# similar# to# both# the#West# (i.e.# 13°C# and# high# productivity)# and# South# Coasts# (i.e.#
20°C# and# low# productivity),# B.' glandula# demonstrated# higher# resource# use# than# did# N.'
algicola.# Unexpectedly,# B.' glandula# exhibited# highest# filtration# under# conditions#
representative#of#the#South#Coast.#Temperature#also#affected#the#feeding#behavior#of#both#
species.#Under#warmer#South#Coast#conditions,#B.'glandula#showed#faster#cirral#beat#rates#
than# the#native,# yet# no#differences# in# the#number# of# feeding#barnacles# or# the# time# spent#
feeding#were#recorded.#This# result# suggests# that#enhanced#algal#uptake#by# this# species# is#
likely#a#reflection#of#behavioral#differences:#more#B.'glandula#barnacles#fed#and#did#so#for#
longer#with#a#faster#beat#rate#under#warmer#temperatures#than#under#cooler#temperatures.#
These# results# suggest# that# (1)# B.' glandula# displays# heightened# food# resource# utilization#
when#compared#to#N.'algicola#regardless#of#water#temperature#or#food#concentration,#(2)#
this# likely# reflects# different# feeding# behaviors# displayed# by# the# two# species,# and# (3)# B.'
glandula’s# feeding# appears# enhanced# under# warm# conditions,# assuming# B.' glandula# can#
continue# to# meet# its# metabolic# demands.# Depending# on# the# thermal# tolerance# of# this#
species#in#terms#of#other#physiological#processes#(e.g.#reproduction),#this#barnacle#may#not#
be# limited# by#warm# South# Coast# conditions.# Despite# its# temperate# origin,# future# routine#
monitoring#of# this#species#will#be#vital# in#order# to#detect#changes# in# its#distributions#and#
any#impacts#it#may#have#on#native#species.##
Overall,# the# findings# from# this# study# indicate# that#B.'glandula# has# spread#onto# the#
South#Coast#and#that#warmer#temperatures#may#not#exert#a#direct#regulating#effect#on#the#
early#lifeVhistory#processes#of#B.'glandula,#but#may#lilicit#an#increase#in#filtration#and#cirral#








It# is# widely# accepted# that# invasive# species# pose# one# of# the# largest# threats# to#
biodiversity#(Carlton#and#Geller#1993;#Parker#et#al.#1999;#Ruiz#et#al.#1999;#Grosholz#2002),#




2006;#Molnar#et# al.#2008;#Ricciardi# and#Cohen#2007).#Marine# invasions#have#been# taking#
place# globally# since# the# beginning# of# seaVfaring# days# both# intentionally# and# accidentally,#
although#accidental#introductions#outnumber#the#former#(Ruiz#et#al.#1997).#Historically,#the#
main#vectors#of#marine#invasive#species#were#wooden#vessels#carrying#wood#boring#fouling#
organisms# and# dry# ballast# (Griffiths# et# al.# 2009).# In# contrast,# modern# vectors# include#




activities# and#globalization,#which# itself# is#predicted# to# increase#and#with# it# the#potential#







gene# flow# between# populations# and# hybridization);# 2)# individual# effects# (i.e.# growth,#
mortality,#and#behavioral#changes#of#native#biota);#3)#changes#in#population#dynamics#(i.e.#
in#species#abundance,#distributions,#and#extinctions);#4)#community#effects#(i.e.#changes#in#
species# composition,# richness,# evenness,# and# diversity);# and# 5)# ecosystem# impacts# (i.e.#
depletion# of# resource# supplies# and# changes# in# resource# utilization# and# disturbance#
regimes).# In# each# of# these# instances,# just# as# the# invasive# species# may# react# differently#










scientific# attention#and#partly#due# to# lack#of#preVinvasion#data#documenting#native#biota.#
Although# it# can# be# assumed# that#marine# invasions# have# taken# place# since# the# arrival# of#
European#vessels#to#South#Africa,#there#is#no#formal#data#specifically#addressing#this#(Mead#




these# alien# and# cryptogenic# species,# approximately# 55# were# recorded# along# the# coolV
temperate# West# Coast.# Of# the# identified# 86# alien# species,# 94%# have# been# introduced#
unintentionally# through# ship# fouling# and# ballast# water# (Mead# et# al.# 2011a).# Although#
currently# low# in# number,# introductions# via# mariculture# are# predicted# to# increase# as# it#
becomes#a#more#prominent#industry#in#South#Africa#(Mead#et#al.#2011a).##
Despite#the#increasing#numbers#of#marine#invasive#species#recorded#in#South#Africa,#
the# only# marine# invasive# species# to# date# with# quantified# ecological# impacts# are#Mytilus'
galloprovincialis#(see#Branch#et#al.#2008#for#a#review)#and#Semimytilus'algosus#(Greef#et#al.#
2013).#As#Balanus'glandula,# an# intertidal# acorn#barnacle,# is# the#only#other#widely# spread#
invasive# species# along# the# South# African# coast# (Mead# et# al.# 2011b),# it# is# an# important#
species# in# need# of# consideration.# Additionally,# documented# impacts# of# this# invader# in#















cool# temperate# habitats# in# Argentina# (Elías# and# Vallarino# 2001;# Schwindt# 2007),# Japan#
(Kado# 2003)# and# most# recently,# South# Africa# (SimonVBlecher# et# al.# 2008).# In# all# three#
countries,#B.' glandula# has# been# a# successful# invader# and# competitor# (Elías# and#Vallarino#
2001;#Kado#2003;#Laird#and#Griffiths#2008).#
B.' glandula# first# invaded# the# Argentinian# coast# in# the# early# 1970s# (Elías# and#
Vallarino#2001).#Once#introduced,#it#spread#along#the#coast#rapidly#(Schwindt#2007).#Here,#
B.'glandula# settles# in# the#beginning#of#winter#before#other#barnacle#species#and#supports#
highest# cover# on# waveVexposed# shores# in# the# upper# midVintertidal# (Elías# and# Vallarino#
2001).#Since# there#are#no#natural#predators#of#B.'glandula# in#Argentina,# this# invader#was#
able# to# spread#unchecked#displacing# at# least# two#native# barnacle# species# to# lower# in# the#
subtidal#zone#(Elías#and#Vallarino#2001).#As#a#result#of#this,#native#community#composition#
and#structure#has#changed# in# invaded#areas# (Schwindt#2007).#B.'glandula’s# success#as#an#
invader# has# been# attributed# to# its# ability# to# colonize# shorelines# quickly,# achieving# high#






was# officially# recognized,#B.' glandula# had# become# the# dominant# species# in# the# intertidal#
zone#in#a#number#of#harbors#along#the#Japanese#coast#(Kado#2003).#The#species#exhibited#
higher#abundances#than#native#barnacles#and#was#thought#to#be#displacing#native#barnacles#




species’# competitive# edge# is# attributed# earlier# reproduction# and# settlement# than# native#
barnacles,#thus#enabling#its#establishment#on#open#rock#preemptively#(Kado#2003).##
Following# the# introductions# to#Argentina#and# Japan,#B.'glandula#was#recorded#and#
described#as#an#invasive#species#in#South#Africa#in#2007#(SimonVBlecher#et#al.#2008).#It#has#
been# estimated,# based# on# photographic# evidence,# that# B.' glandula# has# been# present# in#
South#Africa#since#at# least#1992#(Laird#and#Griffiths#2008).#This#discrepancy#in#dates#was#
due#to#B.'glandula#being#misidentified#as#the#native#barnacle#species,#Chthamalus'dentatus'
(Griffiths#et# al.#2009).# Since# the# introduction#of#B.'glandula,# it#has#been#suggested# that#C.'
dentatus#has#been#outcompeted#by#B.'glandula#along#the#West#Coast#(SimonVBlecher#et#al.#





(Figure#1),#as# these#are#major#commercial#ports#within# the# invaded#range#(Griffiths#et#al.#
2009).##
High#abundances,#rapid#population#growth,#wide#physiological#tolerances,#and#high#
competitive# abilities# are# characteristics# associated#with#many# invasive# species# (Whitney#
and#Gabler#2008).#Invasive#species#that#exhibit#these#traits#can#establish#themselves#in#high#
densities#and#as#a#result#sometimes#exclude#native#species#(Ricciardi#and#Cohen#2007).#B.'
glandula’s# competitiveness# for# space# in# both# native# (Crisp# 1960)# and# introduced# ranges#
(Elías#and#Vallarino#2001;#Kado#2003;#Schwindt#2007)#makes#it#difficult#for#other#barnacle#
species# to#successfully#coVexist.#For# instance,# in#high#population#densities#B.'glandula#has#
been#shown#to#overgrow,#crush,#and#pry#other#barnacles#off#rocks#leaving#them#inhabiting#
areas# outside# B.' glandula’s# preferred# zone# (Gaines# and# Roughgarden# 1985).# Overall,# B.'
glandula#seems#able#to#adapt#to#a#variety#of#environments.#Yet,#as#a#variety#of#parameters#




As#climate# change#drives#alterations# in#air# and#water# temperature#and#changes# in#
biotic# communities,# invasive# species# ranges# are# likely# to# shift# to# include# previously#
unreached# locations# (Whitney# and# Gabler# 2008;# Sorte# et# al.# 2010a;# Zerebecki# and# Sorte#
2011).#Species# that#are#geographically#widespread#often#have#great#genetic#diversity#and#
possess#wide# physiological# tolerances,# which# enables# them# to# adapt# readily# to# changing#
conditions#(Hoffmann#and#Sgrò#2011;#Zerebecki#and#Sorte#2011).#Evidence#has#shown#that#
invasive# species# often# have# wide# environmental# tolerances# (Whitney# and# Gabler# 2008;#
Sorte#et#al.#2010a;#Zerebecki#and#Sorte#2011).#This#valuable#trait#could#enable#some,#like#B.'
glandula,# to# survive# at#wide# latitudinal# ranges# (Schwindt#2007).# Changes# in# temperature#
could#also#have#disproportional# impacts#on#native# species# that#may#be#more# sensitive# to#
changes# in# temperature# than# those#of# invasive#species# (Sorte#et#al.#2010a;#Zerebecki#and#
Sorte# 2011).# It# has# thus# been# suggested# that# exposure# to# changing# temperatures# may#
facilitate#the#expansion#and#dominance#of#invasive#species#(Sorte#et#al.#2010a).##
Invaded# communities# as# a# whole# are# also# likely# to# be# impacted# by# temperature#
changes#if#certain#species,#life#stages,#or#interactions#are#sensitive#to#temperature#regimes#
(Sanford#2002;#Harley#et#al.#2006;#Herbert#et#al.#2007).#Such#changes#in#communities#can#








upon# by# the# whelk.# Understanding# how# variations# in# climate# changes# and# temperature#
influence# interspecific# interactions# may# help# predict# how# those# species# will# respond# to#
such#environmental#changes#(Bertness#et#al.#1999;#Sanford#2002;#Hoffman#and#Sgrò#2011).##
1.4'Thermal'thresholds'and'physiological'responses'in'the'intertidal'
Each# species# has# a# unique# physiological# tolerance# that# reflects# their# adaptive#
abilities# in# a# thermally# changing# environment# (Szathmary# et# al.# 2009;# Dong# et# al.# 2011;#
Spinuzzi# et# al.# 2013)# and# can# determine# which# species# survive# (Somero# 2010).# For#
instance,# in# many# cases# intertidal# species# exposed# to# the# same# ambient# temperature#






due# to# differences# in# shore# and# rock# orientation,# tidal# elevations,# crevices,# and# shaded#
regions#(Helmuth#et#al.#2010).#Because#both#air#and#water#temperatures#directly#affect#an#
organisms’# internal# body# temperature# (Helmuth# et# al.# 2006;# Szathmary# et# al.# 2009),#
survival#and#developmental#rates#can#be#greatly#affected#(O’Connor#et#al.#2007;#Dong#et#al.#
2011).# For# instance,# ocean# temperature# can# directly# impact# larval# development# rate# for#
many#species#with#planktonic#larvae,#affecting#their#survival#and#dispersal#(O’Connor#et#al.#
2007).# Yet,# many# ectotherms# are# able# to# adjust# their# internal# thermal# tolerances#
behaviorally,# allowing# them# to# withstand# higher# than# optimal# ambient# temperatures#
(Hutchison# and# Maness# 1979;# Miller# and# Denny# 2011).# An# example# of# this# is# the#
acclimation#of#Littorina# snail# species# to#different# temperature#regimes# that#vary#between#
geographic# regions# in# the#USA# (Sorte# et# al.# 2011).#While# this#may#not# be# specifically# the#
case#for#ectotherms#in#the#intertidal,#it#is#likely#that#intertidal#organisms#do#have#an#ability#
to# adjust# or# acclimate# to# different# thermal# conditions# outside# their# thermal# optimums#
considering#they#are#exposed#to#large#daily#temperature#fluctuations#(Helmuth#et#al.#2010).#
Metabolic# rates#can#also#be# impacted#by#changing#ambient# temperatures# (O’Connor#et#al.#
2007;# Dong# et# al.# 2011).# When# temperatures# reach# an# organisms'# thermal# threshold#
metabolic#rates#are#reduced#and#the#heatVshock#protein#(Hsp)#response#is#induced#(Dong#et#
al.# 2011).# Hsp# responses# allow# for# a# degree# of# thermal# plasticity# as# marine# organisms#
respond#to#changing#thermal#environments#(Buckley#et#al.#2001;#Berger#and#Emlet#2007).#A#
study# by# Berger# and# Emlet# (2007)# found# that' B.' glandula# could# survive# at# experimental#
temperatures# ranging# from# 11°C# to# 34°C# without# evidence# of# any# permanent# protein#
damage.#They#found#that#at#23°C,#a#Hsp#response#was#induced#indicating#that#the#barnacles#




B.' glandula# is# able# to# survive# under,# it# could# indicate# that# the# species# is#well# adapted# to#
living#close# to# its# thermal# limit#and# therefore,# could#be#well# adapted# to#habitats# in#South#
Africa# that# experience# ambient# temperatures# to# its# upper# thermal# limit.# However,# since#
there#is#currently#no#knowledge#detailing#the#optimal#temperature#ranges#for#B.'glandula#in#




Climate# change# in# South# Africa# is# anticipated# to# alter# oceanic# and# atmospheric#
variables,#including#sea#surface#temperature#(SST),#upwelling#intensity,#wind#patterns,#and#
wave# action# (Rouault# et# al.# 2010).# LargeVscale# assessments# of# SST# have# revealed#
temperature#changes#have#occurred#since#the#early#1980s#(Rouault#et#al.#2010;#Mead#et#al.#
2013).#Along# the#West#Coast#where#upwelling# is# increasing# in# intensity,# there#has#been#a#
cooling#trend#of#0.5°C#per#decade#(Rouault#et#al.#2010).#In#contrast,#the#East#Coast,#which#is#
characterized# by# the# warm# Agulhas# current,# has# shown# a# warming# trend# of# 0.5°C# per#
decade#(Rouault#et#al.#2010).#Falling#between#these#extremes#lies#the#South#Coast.#A#region#
of# transition# between# the# temperate#West# Coast# and# the# warmer# conditions# to# the# east#
(Shannon# 1985),# nearVshore# temperature# increases# from#west# to# east# (Smit# et# al.# 2013).#
The# area# between# Cape# Point# and# Cape# Agulhas# is# regarded# as# an# oceanographically#
complex# region,# experiencing#warm#water# intrusions# by# antiVcyclonic# eddies# pinched# off#
from#the#warm#Agulhas#current#(Lutjeharms#and#Van#Ballegooyen#1988),#as#well#as#wind#
induced#upwelling#(Shannon#and#Nelson#1996).#In#this#region#lies#False#Bay,#where#water#
temperature# variability# is# influenced# by# the# Benguela# upwelling# system# along# the#West#
Coast# (Dufois# and# Rouault# 2012).# Fluctuations# in# water# temperature# as# a# result# of#
intensification#of#upwelling#events#may# impact# the# temporal#variations# in#SST#within# the#
bay# (Dufois# and#Rouault#2012).#Due# to# this# complexity# explicit# predictions#of#nearVshore#
temperatures#have#not#been#made#for#this#area.##
1.6'Problems'with'generalized'predictions'
Variations# in# environmental# changes# and# species# responses# as# detailed# above,#
suggest#that#generalized#predictions#about#the#impacts#of#invasive#species#or#of#changes#in#
biodiversity#may#not#be#appropriate#or#accurate.#There#is#much#variability#and#complexity#
accompanying# predictions# of# environmental# change# (Mrowicki# et# al.# 2014)# as# well#
predictions# regarding# to# what# extent# they# may# affect# a# species# geographic# range,# biotic#






instance,# while# some# barnacle# species# are# able# to# survive# under# extremely# hot# air#
temperatures# for# a# long# period# of# time# (Crisp# 1960),# high# temperatures# have# been#
associated#with#high#mortality#of#juvenile#barnacles#(Lathlean#and#Minchinton#2012).#At#a#
community# level,# recipient# communities# as# well# as# invasive# species# can# respond# to#
selective# pressures# and# adapt# to# either# become# more# or# less# receptive# or# more# or# less#
competitive# (Whitney# and# Gabler# 2008).# Some# native# species# and# preVexisting# invaders#
may#facilitate#the#emergence#and#success#of#new#invaders#(Bruno#et#al.#2003;#Wonham#et#
al.#2005),#while#other#native#species#may#counteract#initial#impacts#over#time#and#reclaim#
dominance# within# the# community# or# change# environmental# conditions# that# make# the#




alter# species# interactions# (Hellmann# et# al.# 2008;# Firth# and#Hawkins# 2011).# Furthermore,#
little# research# has# quantified# the# spread# and# impact# of# South# Africa’s# 86# marine# and#
estuarine#alien#species#and#no#research#has#assessed#how#temperature#changes#affect#their#
interactions.# Thus,# it# will# be# important# to# clarify# how# temperature# changes# may# affect#
invasive# species# ranges,# their# biological# processes,# and# how# those# in# turn# may# affect#
interactions#with#native#species#along#the#South#African#coast.##
To# address# this,# my# thesis# has# three# overarching# aims:# (1)# to# assess# the# current#
distribution#and#abundance#of#B.'glandula# in#relation#to#native#barnacle#species#along#the#
coast#of#South#Africa;# (2)# to#elucidate# the#effects#of# substratum#temperature#on# the#early#
lifeVhistory# processes# of# B.' glandula# and# the# native# barnacle,# C.' dentatus;# and# (3)# to#
compare#the#effects#of#water#temperature#and#food#concentration#on#filtration#and#feeding#
behavior#of#B.'glandula#and#the#native#barnacle,#Notomegabalanus'algicola.#The#information#
gained# will# provide# insight# into# potential# outcomes# of# the# southeastward# spread# of# B.'














to# novel# locales# and# conditions# (Whitney# and# Gabler# 2008;# Blackburn# et# al.# 2011).# The#
ability#of#an#alien#species#to#establish#and#spread#or#have#an#impact#within#its#introduced#
range#is#what#distinguishes#an#invasive#alien#species#from#a#nonVinvasive#alien#(Kolar#and#
Lodge# 2001;# Blackburn# et# al.# 2011).# If# a# species’# initial# invasion# is# not# hindered# by#
biological# constraints# or# environmental# conditions# they# may# spread# from# points# of#
introduction#into#new#habitats#(Arim#et#al.#2006;#Johnson#et#al.#2006).#In#such#cases,#species#
will#continue#to#spread#until#environmental#conditions#limit#suitable#habitats#(Blackburn#et#
al.# 2011),# population# dynamics# hinder# further# spread# (Arim# et# al.# 2006),# or# biological#
interactions#prevent# further# range# extension# (DeRivera# et# al.# 2005;#Dumont# et# al.# 2011).#
Selective# pressures# may# also# encourage# changes# in# behavior# (Zabin# et# al.# 2007)# or#
morphology# (Grosholz# and# Ruiz# 2003;# Torchin# et# al.# 2003)# enabling# invasive# species# to#
successfully# adapt# to# new# environments# (Grosholz# and# Ruiz# 2003;# Zabin# et# al.# 2007).#




Abiotic# factors# often# play# a# role# in# determining# an# invasive# species’# distribution,#
range#or#invasion#success#(Kelley#et#al.#2013).#For#example,#temperature,#salinity#and#wave#
exposure#are#known#to#influence#the#invasive#crab,#Carcinus'maenas#(Compton#et#al.#2010).#
Just#as#changes# in#sea# temperature#can# influence#marine#species’# ranges#and#abundances#
(Southward#et#al.#1995;#Kelley#et#al.#2013),#temperatures#outside#a#species’#optimal#thermal#
range#can# increase#mortality#(O’Riordan#et#al.#2010;#Lathlean#and#Minchinton#2012),#and#
both# temperature# and# salinity# can# have# impacts# on# embryo# and# larval# development# and#
growth#(Thiyagarajan#and#Qian#2003).##
1.1'Current'distributions'of'barnacles'along'the'South'African'coast'
In# South# Africa,# the# native# barnacle# species# that# have# historically# occurred#
intertidally# along# the# West# Coast# include:# Tetraclita' serrata,# Octomeris' angulosa,#
Chthamalus' dentatus,' Austromegabalanus' cylindricus,' Notomegabalanus' algicola,' and#
10"
"
Amphibalanus' amphitrite# (Branch# et# al.# 2010).# All# of# these# barnacles# extend# from# the#








glandula# was# most# abundant# at# semiVexposed# sites# where# it# was# abundant# in# all# shore#
zones#making# it# the# dominant# intertidal# barnacle# in# its# range# (Laird# and# Griffith# 2008).#
Notably,# B.' glandula# was# absent# along# the# South# Coast# where# the# native# barnacles,# T.'
serrata,'O.' angulosa,# and#C.'dentatus,#were# the#most#abundant# (Laird#and#Griffiths#2008).#
After# this# initial# assessment,# Laird# and#Griffiths# (2008)# suggested# that# the#biogeographic#
break#of#Cape#Point#would#limit#the#eastward#spread#of#this#invader.##
The# most# recent# distribution# assessment# was# made# seven# years# ago# (Laird# and#
Griffiths# 2008).# Considering# that# this# is# a# recognized# coastal# invader,# an# updated#
distribution# and# abundance# assessment# is# needed.# It# is# against# this# backdrop# that# this#
chapter#aims#to#assess#the#current#distribution#and#abundance#of#B.'glandula#in#relation#to#
native#barnacle#species.#In#light#of#current#knowledge,#I#hypothesize#that,##






The# distribution# and# abundance# of#Balanus' glandula# was# surveyed# in# the# austral#
winter# of# 2012# and# 2013.# Sites# previously# visited# in# 2007# were# reVsurveyed# to# update#
distribution#and#abundance#information.#A#total#of#22#sites#were#sampled#(Figure#1#&#Table#
1)#stretching#along#the#South#African#coast.#Due#to#the#high#density#of#barnacles#at#each#site,#
10# x# 10cm#quadrats#were#used# to# sufficiently# determine# abundance# (.mV2).# Ten#quadrats#















Number# Sites# GPS!Coordinates# Site!Description!
1! Lambert's#Bay# 32°05.442'#S,#18°18.023'#E# WestVward#facing#with#tall#
rocky#outcrops#
2! Eland’s#Bay# 32°19.076'#S,#18°18.856'#E# WestVward#facing#with#tall#
rocky#outcrops#
3! St.#Helena#Bay# 32°46.367'#S,#18°02.863'#E# WestVward#facing#
4! Paternoster# 32°48.084'#S,#17°55.140'#E# WestVward#facing#with#rocky#
outcrops#and#sand#shores#on#
either#side#
5! Cape#Columbine# 32°49.520'#S,#17°50.792'#E# WestVward#facing#with#tall#
rocky#outcrops#
6! Marcus#Island# 33°02.019'#S,#17°56.127'#E# WestVward#facing#with#large#
boulders#and#rocky#outcrops#
7! Tsaarsbank# 33°08.892'#S,#17°59.923'#E# WestVward#facing#with#tall#
rocky#outcrops#and#sand#shores#
8! Yzerfontein# 33°20.408'#S,#18°09.211'#E# WestVward#facing#with#low#rock#
cover#and#sandy#shores#
9! Ganzekraal# 33°31.094'#S,#18°19.257'#E# WestVward#facing#with#low#rock#
cover#and#sandy#shores#
10! Melkbosstrand# 33°44.002'#S,#18°25.558'#E# WestVward#facing#with#rocky#
outcrops#
11! Blouberstrand# 33°48.135'#S,#18°27.545'#E# West#facing#with#rocky#outcrops#
and#sandy#shores#on#either#side#
12! Moulie#Point# 33°53.969'#S,#18°24.274'#E# WestVward#facing#with#low#
rocky#cover#
13! Hout#Bay# 34°02.902'#S,#18°21.650'#E# Southwest#facing#with#tall#rocks#
surrounded#by#sand#
14! Kommetjie# 34°08.271'#S,#18°19.198'#E# Southwest#facing#with#low#
rocky#cover#
15! Misty#Cliffs# 34°11.025'#S,#18°21.601'#E# Southwest#facing#with#low#rock#
cover#surrounded#by#sand#
16! Scarborough# 34°11.982'#S,#18°22.536'#E# SouthVward#facing#with#large#
rocky#outcrops#
17! Cape#Point# 34°20.126'#S,#18°25.520'#E# SouthVward#facing#with#large#
rocky#outcrops#
18! Seaforth# 34°12.004'#S,#18°27.222'#E# Southwest#facing#with#large#
boulders#and#sandy#shores#
19! Dalebrook# 34°07.436'#S,#18°27.154'#E# Southwest#facing#with#low#
rocky#cover#
20! St.#James# 34°06.597'#S,#18°27.420'#E# Southwest#facing#with#low#
rocky#cover##
21! Gordon's#Bay# 34°09.480'#S,#18°51.438'#E# Southwest#facing#with#large#
boulders#and#rocky#outcrops#
22! Rooiels# 34°18.298'#S,#18°48.530'#E# Southwest#facing#with#tall#rocky#
outcrops#
#
Barnacle# abundances#were# analyzed# separately# for# each# shore# zone.#All# statistical#

















! 2007# 2012# 2013#
! West! South! West! South! West! South!
B.'glandula' # V# # # # #
T.'serrata' # # # # # #
O.'angulosa' # # # # # #
C.'dentatus' # # - # V# V# #
N.'algicola' # V# # V# # V#
A.'amphitrite' V# # V# V# V# V#
!
3.2'Distribution'
In#2012,#B.'glandula’s#distribution# ranged# from#Lambert’s#Bay# to#Dalebrook,#False#
Bay#(Table#3).#Most#notable,#however,#was#the#spread#around#the#biogeographic#break#at#














St.!Helena!Bay! # # #
Paternoster! #
# #
Cape!Columbine! # # #
Marcus!Island! # # #
Tsaarsbank! # # #
Yzerfontein! # # #
Ganzekraal! # # #
Melkbosstrand! # # #
Bloubergstrand! # # #
Moulie!Point! # # #
Hout!Bay! # # #




Scarborough! # # #








Gordon's!Bay! # # #




Coast# (i.e.# Elands# Bay,# Paternoster,# Cape# Columbine,# Marcus# Island,# Tsaarsbank,#













Site" High" Mid" Low" High" Mid" Low" High" Mid" Low"
Year& 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013"
Lambert's&Bay& 90" ✕"" 290" ✕" 40" ✕"" ✕" ✕"" ✕" ✕" ✕" ✕"" ✕" ✕"" ✕" ✕" ✕" ✕""
Elands&Bay& 3380" 348" 2740" 843" 20" 629" ✕" ✕"" ✕" ✕" ✕" ✕"" ✕" ✕"" ✕" ✕" ✕" ✕""
St&Helena&Bay& 0" ✕"" 0" 0" 0" "0" ✕" ✕"" ✕" ✕" ✕" ✕"" ✕" ✕"" ✕" ✕" ✕" ✕""
Paternoster& 320" 343" 1640" 504" 0" 21" ✕" ✕"" ✕" ✕" ✕" ✕"" ✕" ✕"" ✕" ✕" ✕" ✕""
Cape&
Columbine& 320" 27" 1640" 851" 0" 261" 0" ✕"" 0" ✕" 10" ✕"" 0" ✕"" 50" ✕" 0" ✕""
Marcus&Island& 0" 583" 8240" 359" 0" 1" ✕" ✕"" ✕" ✕" ✕" ✕"" ✕" ✕"" ✕" ✕" ✕" ✕""
Tsaarsbank& 1" 150" 1" 470" 1" 79" 1" ✕"" 1" ✕" 1" ✕"" 1" ✕" 1" ✕" 1" ✕"
Yzerfontein& 3590" 244" 2930" 2088" 1100" 152" 0" ✕"" 10" ✕" 0" ✕"" ✕" "✕" ✕" ✕" ✕" "✕"
Ganzekraal& 0" 324" 270" 2" 0" 0" ✕" 6" ✕" 3" ✕" 0" ✕" 0" ✕" 9" ✕" 0"
Melkbosstrand& 0" 52" 6200" 764" 40" 2" 0" 0" 110" 0" 0" 2" ✕" "✕" ✕" ✕" ✕" "✕"
Blouberstrand& 420" 370" 22610" 1977" 0" 5" ✕" 0" ✕" 0" ✕" 8" 0" "✕" 10" ✕" 0" "✕"
Moulie&Point& 190" 203" 1520" 0" 0" 0" 0" 0" 90" 34" 50" 10" ✕" 0" ✕" 2" ✕" 20"
Hout&Bay& 180" 1075" 91500" 2701" 1420" 1463" ✕" ✕"" ✕" ✕" ✕" ✕"" ✕" "✕" ✕" ✕" ✕" "✕"
Kommetjie& 0" 2" 100" 0" 80" 0" 0" 3" 0" 0" 150" 0" ✕" "✕" ✕" ✕" ✕" "✕"
Misty&Cliff& 1130" 251" 8310" 373" 2460" 0" 0" ✕"" 0" ✕" 580" ✕"" ✕" 0" ✕" 9" ✕" 0"
Scarborough& 1610" 87" 3840" 452" 1620" 58" ✕" 0" ✕" 0" 60" 10" ✕" "✕" ✕" "✕" ✕" "✕"
Cape&Point& 50" 0" 110" 113" 10" 7" 0" 0" 0" 1" 70" 4" 0" "✕" 0" ✕" 20" "✕"
Seaforth& 0" 52" 0" 0" 0" 0" ✕" 0" ✕" 34" ✕" 0" ✕" "✕" 690" 0" 180" "✕"
Dalebrook& 50" ✕"" 30" ✕" 0" "✕" 0" 72" 70" 108" 140" 1" 0" 43" 840" 79" 940" 133"
St&James& 1" 18" 1" 7" 1" 0" 1" 0" 1" 147" 1" 0" 1" 0" 1" 64" 1" 12"
Gordon's&Bay& 1" ✕"" 1" ✕" 1" "✕" 1" 0" 1" 108" 1" 0" 1" 0" 1" 2" 1" 0"




Site" High" Mid" Low" High" Mid" Low"
Year" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013" 2012" 2013"
Lambert's&Bay" ✕" ✕"" ✕" ✕" ✕" ✕"" 0" 0" 0" 0" 10" 7"
Elands&Bay" ✕" ✕"" ✕" ✕" ✕" ✕"" 0" 0" 70" 4" 40" 45"
St&Helena&Bay" ✕" ✕"" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Paternoster" ✕" ✕"" ✕" ✕" ✕" ✕"" 0" ✕" 0" ✕" 1500" ✕"
Cape&Columbine" ✕" ✕"" ✕" ✕" ✕" ✕"" 0" 0" 0" 0" 1800" 3"
Marcus&Island" ✕" ✕"" ✕" ✕" ✕" ✕"" 0" 0" 0" 0" 80" 5"
Tsaarsbank" 1" "✕" 1" ✕" 1" "✕" 1" ✕" 1" ✕" 1" ✕"
Yzerfontein" ✕" "✕" ✕" ✕" ✕" ✕"" 0" 0" 40" 35" 10" 6"
Ganzekraal" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Melkbosstrand" ✕" "✕" ✕" ✕" ✕" ✕"" 0" 0" 0" 35" 360" 285"
Bloubergstrand" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" 0" ✕" 180" 10530" 890"
Moulie&Point" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Hout&Bay" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Kommetjie" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Misty&Cliff" ✕" "✕" ✕" ✕" ✕" ✕"" 0" ✕" 0" ✕" 20" ✕"
Scarborough" ✕" "✕" ✕" "✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Cape&Point" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Seaforth" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
Dalebrook" ✕" "✕" ✕" ✕" ✕" ✕"" ✕" ✕" ✕" ✕" ✕" ✕"
St&James" 1" "✕" 1" ✕" 1" ✕"" 1" ✕" 1" ✕" 1" ✕"
Gordon's&Bay" 1" 79" 1" 0" 1" 0" 1" ✕" 1" ✕" 1" ✕"







On# the#West# Coast,# B.# glandula# occurred#most# abundantly# in# the# mid6shore# with#
average# densities# of# 711.5.m62# (±36.0# SE)# across# all# sites,# while# mean# densities# reached#
253.6.m62#(±13.8#SE)#and#166.9.m62#(±17.9#SE)#in#the#high6#and#low6shore,#respectively.#On#
the#South#Coast,#densities#were#more#similar#among#tidal#height,#yet#still# showed#highest#





between# years# in# this# zone# (Table# 5a).# In# the# mid6shore,# Hout# Bay# supported# highest#
abundances#of#all#sites#with#densities#of#9150.m62#and#2701.m62#recorded#in#2012#and#2013,#
respectively# (Figure# 2b).# Within# this# zone,# “site”# and# “year”# significantly# affected# the#
abundance#of#B.#glandula# (Table#5b).#Across#all# sites,# fewer#B.#glandula#were#recorded# in#
2013#in#the#mid6shore#than#in#2012#(GLS,#t=65.3;#p<0.05).#In#the#low6shore,#only#“site”#had#a#
significant#effect#on#B.#glandula#abundances#(Table#5c).#Misty#Cliffs#supported#the#highest#




ANOVA& Factor& df&Effect& F4ratio& p4value&
a)&High4shore& Site# 18# 3.32# <0.05#
& Year# 1# 9.92# <0.05#
b)&Mid4shore& Site# 18# 47.74# <0.05#
& Year# 1# 27.23# <0.05#
c)&Low4shore& Site# 18# 2.81# <0.05#








Balanus# glandula# is# an# invasive# acorn# barnacle# that# has# an# invasion# history# in# a#






West# Coast# through# time.# However,# this# does# not# necessarily# represent# a# loss# of# these#
species# and# may# be# reflective# of# the# well6documented# stochastic# nature# of# barnacle#
settlement# and# recruitment# (Zacherl# et# al.# 2003;# Hoffman# et# al.# 2012)# and# larval# supply#
(Bertness# et# al.# 1996).# However,# since# B.# glandula# has# successfully# outcompeted# some#
native# barnacle# species# (i.e.# B.# amphitrite)# and# mussel# species# in# Argentina# (Elías# and#
Vallarino#2001)#and#possibly#in#Japan#(Kado#2003),#a#decrease#in#the#number#of#recorded#
native# barnacle# species# along# the# South# African# West# Coast# is# cause# for# concern.# It# is#




should#not#be# taken# to#mean# that# the#species# is# totally#absent# from#the#coast,#but#should#
highlight#the#need#for#long6term#monitoring.##
In# contrast# to#C.# dentatus# and#A.# amphitrite,#Tetraclita# serrata,#Octomeris# angulosa#
continue#to#co6occur#with#B.#glandula#on#both#the#West#and#South#Coasts.#Contrary#to#the#
results#of#this#study,#in#1996#T.#serrata#and#O.#angulosa#were#the#most#abundant#intertidal#
barnacles# in# this# region# (Boland# 1997).# Both# are# slow# growing# barnacle# species# taking#
years# to# achieve# full# adult# sizes# (Boland# 1997).# These# species# tend# to# inhabit# separate#
zones#in#the#intertidal,#the#former#preferring#the#high#zone#with#lower#wave#action,#while#
the# latter# prefers# the# low# zone# with# higher# wave# action# (Boland# 1997).# Both# species#
therefore,# only# overlap# in# the#mid6shore# (Boland#1997).#As#B.# glandula# typically# exhibits#








biogeographic# break# of# Cape# Point# into# False# Bay.# Conditions# to# the#west# of# Cape# Point#
appear#optimal#for#B.#glandula#as#they#most#closely#match#its#native#range#on#the#west#coast#
of# North# America# (Simon6Blecher# et# al.# 2008).# While# the# West# Coast# of# South# Africa# is#
characterized# by# cold# water# temperatures# (i.e.# mean# 13°C)# (Smit# et# al.# 2013)# and# high#
primary# productivity# (Bustamante# et# al.# 1995),# conditions# to# the# east# of# Cape# Point# are#
distinctly# different# as# the# cold# Benguela# ecosystem# is# replaced# by# the# warmer# Agulhas#
ecosystem# (Dufois# and#Rouault# 2012).# Along# this# coast,# average#water# temperatures# are#
warm#(i.e.#mean#20°C)#(Smit#et#al.#2013)#with#low#primary#productivity#(Bustamante#et#al.#
1995).#The#finding#that#B.#glandula#has#breached#Cape#Point#may#suggest#that#this#species#is#
able# to#adapt# to#different# conditions,# as#many# invaders#are# (Grosholz# and#Ruiz#2003),# or#
that#conditions#along# the#South#Coast#are#within# its# thermal# tolerance#range.#Support# for#
the#latter#has#been#seen#in#Japan,#where#it#was#observed#that#B.#glandula#has#spread#along#




mechanism,#my#results# indicate# that#B.#glandula#may#continue#spreading#along# the#South#
Coast.##
The#current#distribution#of#B.#glandula#ranges#from#Eland’s#Bay#to#St.#James#in#False#
Bay#on# the#South#Coast.# Contrary# to#my#prediction,#B.# glandula# has#not# extended# further#
north# since# 2007.# However,# as# fluctuations# in# propagule# pressure# and# recruitment# are#
typical#of#barnacle#invasion#fronts#(Alam#et#al.#2013),#it#is#possible#that#the#northern#range#
contraction# recorded# in# this# study# is# temporary# and# that# the# species# could# continue# to#
spread# north# in# the# future.# Since# sessile# marine# organisms# most# heavily# rely# on# larval#
dispersal#(Alam#et#al.#2013),#propagule#pressure#is#often#an#important#determinant#for#how#










established# populations# showed# fluctuations# in# abundance,# but# did# not# exhibit# local#
extinctions.# Newly# invaded# sites,# however,# showed# larger# fluctuations# in# abundance# or#
local#extinctions#(e.g.#Dalebrook#and#Lambert’s#Bay).#Elsewhere,#recruitment#intensity#has#
shown#to#be#the#most#important#determinant#of#the#invasion#dynamics#of#B.#glandula#with#
several# years# of# random# fluctuations# in# abundance# preceding# permanent# establishment#
(Alam# et# al.# 2013).# For# invasive# species,# it# can# be# expected# that# as# recruitment# density#
increases#over#time,# lag#times#between#settlement#and#establishment#will#shorten,#as#will#
the#rate#of#local#extinctions#(Alam#et#al.#2013).#It#is#probable#that#lag#times#described#above#
are# a# likely# explanation# for# the# lower# numbers# of# B.# glandula# in# comparison# to# native#




Predation# can# also# influence# barnacle# abundances# (Fairweather# 1988;# Gaines# and#
Roughgarden#1985;#Hunt# and# Scheibling#1997).# In# South#Africa,# it#was# found# that#native#
whelk# species# consistently# consumed# the# native# barnacle,# N.# algicola,# over# B.# glandula#
despite# higher# densities# of# the# latter# in# some# shore# zones# (Robinson# et# al.# in# press).#
Reduced# predation# of# B.# glandula# may# be# an# additional# explanation# for# the# invader’s#
continual# rise# in# abundance# at# previously# established# sites,# seemingly# at# the# expense# of#
native#barnacles.#However,#predation#of#B.#glandula#in#general#should#not#be#ruled#out#and#




Most# notably,# Balanus# glandula# has# extended# its# range# southward# breaching# the#
biogeographic# break# of# Cape# Point# and# spreading# into# False# Bay.# Although,#B.# glandula’s#









of# B.# glandula’s# populations# dynamics# and# spread# along# the# South# African# coast# be#
prioritized.#This#will#give#a#better#indication#of#whether#B.#glandula#continues#to#spread#and#
what# its# impacts#are#on#the#native#communities.# In#order#to#gain#an#understanding#of#the#
competitive# nature# of# B.# glandula# and# potential# future# impacts# on# native# barnacles,# my#




This# work# forms# part# of# a# publication# currently# in# press# (Robinson,# T.# B.,# Pope,# H.# R.,#








































Many# impacts# of# climate# change# in# marine# systems# are# linked# to# changes# in#
temperature# (Bindoff# et# al.# 2007;# Doney# et# al.# 2012).# These# changing# temperatures# can#
precipitate# rising# sea# levels# as# well# as# changes# in# oxygen# concentration# (Keeling# et# al.#
2010),#nutrient#availability#(Doney#et#al.#2012),#ocean#circulation#(Roemmich#et#al.#2007)#
and#ocean#acidification# (Findlay#et#al.#2010).# In# turn,# these#physical#and#chemical# factors#
can# impact# organismal# physiological# stress,# prompting# changes# in# recruitment# (Shanks#
2009;#Lamb#et#al.#2014),#mortality#(Bertness#1989;#Findlay#et#al.#2010),#and#growth#rates#
(Sorte#et#al.#2010a;#Lamb#et#al.#2014).#On#a#larger#scale,#changes#in#species#distribution#and#




In# light# of# climate# change,# there# is# a# need# to# understand# the# environmental#
determinants#of# species#distributional# limits,# yet# these# are#often#unclear#due# to#different#
influences#at#multiple#spatial#scales#(Helmuth#et#al.#2010;#Lathlean#et#al.#2011;#Hidas#et#al.#
2013).# Studies# have# shown# how# temperatures# within# the# intertidal# vary# dramatically#
across#spatial#scales#(Meager#et#al.#2011;#Lathlean#et#al.#2011;#Lathlean#et#al.#2013).#These#
organisms# are# impacted# by# both# air# and#water# temperatures# and# thus# it# is# necessary# to#
consider# both# when# characterizing# the# thermal# intertidal# environment# (Lathlean# et# al.#
2011).# Often,# the# thermal# stress# of# intertidal# organisms# is# dictated# by# small6scale# local#
conditions# (Somero# 2002;# Helmuth# et# al.# 2006;# Helmuth# et# al.# 2010).# As# such,# species#
occupying# habitats# exposed# to# greater# natural# temperature# variations# (Somero# 2010;#
Morley# et# al.# 2014)# and# those# with# wide# physiological# tolerances# (Zerebecki# and# Sorte#









nature#of# the# intertidal,#organisms# inhabiting# this#zone#routinely#experience# temperature#
variability# being# exposed# at# low# tide,# yet# submerged# at# high# tide.# As# such,# it# has# been#
suggested#that#many#live#close#to#their#thermal#limits#(Helmuth#et#al.#2010).#As#a#result#of#
changing# climatic# conditions# and# temperatures,# species# may# disperse# beyond# their#
traditional# range# limit# to# new# localities# where# conditions# are# within# their# physiological#




et# al.# 2008;# Walther# et# al.# 2009;# Sorte# et# al.# 2010b),# abundance# (Barry# et# al.# 1995;#
Southward# et# al.# 1995;# Cockrell# and# Sorte# 2013)# and# the# potential# impact# of# invasive#
species# (Dukes# and# Mooney# 1999;# Walther# et# al.# 2009)# by# altering# the# physical#
environment#of# recipient#habitats#and#creating#open#niches.#As# temperatures#change#and#
invasive#species#distributions#shift,#they#are#placed#in#contact#with#new#species#(Hellman#et#
al.# 2008;# Doney# et# al.# 2012),# resulting# in# novel# competitive# interactions# (Byers# 2002;#
Shinen# and# Morgan# 2009)# and# changes# in# predator6prey# relationships# (DeRivera# et# al.#
2005;# Van# der# Putten# et# al.# 2010).# As#many# invasive# species# are# generalists# and# able# to#
tolerate# a# broad# range# of# environmental# conditions# (Kolar# and# Lodge# 2001;# Sorte# et# al.#
2010a;# Cockrell# and# Sorte# 2013),# there# is# a# concern# that# climate# changes# may# favor#
invasive# species,# placing# further# pressure# on# native# fauna# (Byers# 2002).# Should# marine#
invaders#demonstrate#rapid#adaptive#evolution#such#that#has#commonly#been#documented#
of#terrestrial#invaders#(Huey#et#al.#2005;#Rando#and#Verstrepen#2007;#Dlugosch#and#Parker#











abundances# of# C.# dentatus# within# the# invaded# range# (Laird# and# Griffith# 2008),# but# this#
species#was#not#recorded#during#subsequent#surveys#(see#Chapter#2).#While#no#dedicated#




has# been# suggested# that# the# dominance# of# B.# glandula# and# concurrent# reduction# of# C.#
dentatus# is#due#to#competition#between#the#two#species#(Simon6Blecher#et#al.#2008).#This#
raises#questions#about# the#nature#of#potential# competition#between# these#barnacles,#how#
this# may# be# altered# under# the# warmer# conditions# of# the# South# Coast,# and# how# future#
changes#in#temperature#may#affect#this#interaction.##
Currently,# there# is# little# knowledge# regarding# the# thermal# tolerances# of# either# B.#
glandula#or#C.#dentatus.#However,#the#native#and#invaded#ranges#of#B.#glandula#suggest#it#to#
be#a# cool# temperate# species# (Newman#and#Abbott#1980;#Rico#and#Gappa#2006,#Schwindt#




temperature# on# the# settlement,# mortality,# recruitment# and# growth# of#B.# glandula# and# C.#
dentatus.#This#will#(1)#provide#insight#into#potential#outcomes#of#the#eastward#spread#of#B.#
glandula# into# warmer# waters# and# (2)# provide# better# understanding# for# how# early# life6
history# processes# of# these# species# may# be# altered# by# climate# induced# changes# in#
temperature.#In#addressing#these#aims,#I#tested#the#following#hypotheses:#
H1:# Barnacle# settlement,# mortality,# recruitment# and# growth# will# differ# between#
temperature#treatments#(i.e.#black,#white,#grey#and#clear#plates,#and#bare#rock).#Based#on#
previous# findings# (Lathlean# and#Minchinton# 2012),# white# plates# are# expected# to# exhibit#
highest# settlement#and# recruitment# rates,#black#plates# to# show# the#highest#mortality# and#






H2:# B.# glandula#will# show# higher# rates# of# settlement,# recruitment# and# growth# and# lower#









taken#50cm#away# from#each#plate#at#55°#degree#angles.#The# thermal# resolution#of# the# IR#
thermometer#was#0.1°C#and#by# recalibrating#between#measurements# accuracy#was#±1°C.#
Emissivity# (ɛ)#was#set#at#0.95#as# rocky#substrata#and# invertebrates# in# the# intertidal# zone#
often#vary#between#0.95#and#1.0# (Denny#and#Harley#2006).#Readings#were# taken#on# two#
different#days:#the#first#was#clear#and#sunny#with#a#mean#ambient#air#temperature#of#27.1°C#
during# the# time# of# sampling,#while# the# second# day#was# cloudy#with# a#mean# ambient# air#
temperature#of#21.2°C.#Fifteen#replicate#readings#were#taken#between#11h00#and#13h00#for#
each#of#the#six#treatments#on#each#day.#
Sites# where# Balanus# glandula# and# Chthamalus# dentatus# co6occurred# could# not# be#
found,#as#they#do#not#currently#overlap#in#their#geographic#ranges.#As#upwelling#is#known#
to#influence#barnacle#recruitment#(Pfaff#et#al.#2011),#two#West#Coast#sites#within#the#Cape#
Columbine# upwelling# cell# (i.e.# Paternoster# and# Sandy# Point)# and# two# South# Coast# sites#





same#surface# texture,# clear# tape#was#overlaid#on#all# colors# to#standardize# texture.#This# is#
important#as#barnacles#are#sensitive#to#texture#when#settling#(Savoya#and#Schwindt#2010;#






x#10cm#plates#of#each# treatment#were#randomly#drilled# into# flat# rock#surfaces#within# the#
mid6shore#zone,#so#as#to#give#them#maximum#contact#with#the#rock.#Additionally,#six#10#x#












Photographs#were# taken# of# each# plate# every# two#weeks# at# low# tide# for# 18#weeks#
from# August# to# December# 2013.# These# photographs#were# used# to# document# settlement,#
mortality,# recruitment# and# growth# of# each# species.# Individual# barnacles# that# settled# on#
plates#were#numbered#based#on#their#positions#and#were#tracked#through#time.#Settlement#
was# documented# up# to# week# 18# by# counting# newly# settled# barnacles# every# two# weeks.#
Mortality# was# documented# up# to# week# 18# by# recording# the# loss# of# barnacles# that# had#
previously# been# present.# Recruitment#was# defined# as# the# number# of# barnacles# still# alive#
after# week# 10.# As# high# mortality# prevented# using# an# age6class# cohort# approach,# post6




















and# corresponding# Tukey# HSD# tests# were# used# to# compare# temperatures# among#
treatments#under#warm#and#cool#conditions.#Because#the#color#of#the#rock#differed#at#each#
site# and# therefore,# the# clear# plates# also# differed# in# color,# temperature#measurements# for#
these#treatments#were#analyzed#separately#per#site.#





otherwise# stated.# For# the# analysis# of# growth,# the# level# of# replication#was# the# number# of#
individual# barnacles# pooled# from# all# plates# within# a# treatment.# This# approach# was#
necessary# to# ensure# sufficient# replication# throughout# the# six6week# period# for# robust#
statistical#analyses.##Due#to#a#severe#storm#that#prevented#me#reaching#Rooiels#in#week#16,#
no#data#was#collected# for# this#site#at# this# time#point.#The# loss#of#a# large#number#of#white#
plates#at#both#West#Coast#sites#in#winter#storms#in#week#11#resulted#in#this#treatment#only#
being# included#for#statistical#analyses# that#assessed#settlement#and#growth#of#B.#glandula#
through# time# and# for# total# recruitment# and# growth# that#were# quantified# using# data# pre6
week#11.#
Kruskal6Wallis# tests# and# multiple# comparisons# were# used# to# compare# settlement#
and#mortality#among#treatments#after#18#weeks,#recruitment#among#treatments#after# ten#
weeks# and# growth# among# treatments# after# six#weeks.#Differences# in# the#weeks# analyzed#
per# variable# were# strictly# dependent# upon# the# number# of# barnacles# remaining# on# the#
plates.# Barnacle# settlement# and# mortality# was# pooled# from# all# 18# weeks,# however,#
recruitment#was#analyzed#at#week#10#as#few#barnacles#survived#all#the#way#until#week#18.#
Week#10#coincided#with#the#last#peak#of#settlement.#Growth#was#calculated#at#week#6#as#the#
same# individual# barnacles# had# to# be# present# from#week# 2.# After# week# 6# the# number# of#
individual# barnacles# still# remaining# steeply# declined.# As# no# statistical# differences# were#
found# between# Sandy# Point# and# Paternoster# data# were# combined# (p>0.05).# When#
considering# the# effect# of# time# and# treatment# on# settlement,# mortality,# recruitment,# and#







# Regardless# of# weather# conditions,# a# significant# effect# of# treatment# on# the#
temperature#of#experimental#plates#was#evident#(ANOVA,#p<0.05#in#both#cases)#with#black#
plates# being# hotter# than# grey,#which# in# turn#were# hotter# than#white# plates# (Tukey#HSD,#














dentatus# settled# in# higher# numbers# than# B.# glandula# and# over# a# longer# period# of# time#
(Figure# 3b).# In# contrast# to# B.# glandula,# C.# dentatus# settlement# through# time# showed# a#
significant#effect#of#week#(Repeated6measures#ANOVA,#F5,5=14.37;#p<0.05),#but#no#effect#of#








While# no# significant# differences# in# total# settlement# were# recorded# among#
treatments# for# B.# glandula# (Kruskal6Wallis,# H3,40=6.46;# p>0.05)# (Figure# 4a),# significant#
differences# were# detected# for# C.# dentatus# (Kruskal6Wallis,# H4,28# =13.09;# p<0.05).# For# the#
native#barnacle,#black#and#grey#treatments#supported#significantly#greater#settlement#than#
did#natural#rock#(Multiple#comparisons,#p<0.05#in#all#cases)#(Figure#4b).#It# is#notable#that#

















Figure&5.#Median# (25th,# 75th# percentiles)# percent# barnacle#mortality# of# (a)# B.# glandula#and# (b)#C.# dentatus.#
*indicates# exclusion# from# statistical# analyses# due# to# loss# of# experimental# plates.# Shared# letters# indicate# no#
statistical#difference#(p>0.05).#
Recruitment#of#B.#glandula#was#very#low#on#all#treatments#and#while#higher#on#rock#





Figure&6.#Median# (25th,# 75th#percentiles)# recruitment# # (barnacle.m62)# of# (a)#B.# glandula# and# (b)#C.# dentatus.#
*indicates#exclusion#from#statistical#analyses.#Shared#letters#indicate#no#statistical#difference#(p>0.05).##




















As# a# result# of# climate# change,# invasive# species’# distributions# are# expected# to# shift#
and# expand# into# new# habitats,# facilitating# contact#with# previously# unencountered# native#
species# (Hellman# et# al.# 2008;# Doney# et# al.# 2012).# This# is# expected# to# alter# species#
interactions# in# recipient# regions# (Byers# 2002;# Helmuth# et# al.# 2006;# Shinen# and# Morgan#
2009).# While# climate6driven# temperature# changes# will# act# at# the# level# of# individuals# by#
increasing# physiological# stress,# impacts#will# also#manifest# at# the# population# level# due# to#




invasive# barnacle,# Balanus# glandula,# and# the# native# barnacle,# Chthamalus# dentatus,# has#








The# settlement# of# many# marine# organisms# is# influenced# by# substratum# texture#
(Skinner# and# Coutinho# 2005;# Menge# et# al.# 2010;# Savoya# and# Schwindt# 2010)# and#





mortality# (Shanks#2009),#my# results# do#not# concur.#My# results# did#not# reveal# systematic#
differences#in#settlement,#mortality,#recruitment#or#growth#between#treatment#plates#and#
rock.# This# could# either# indicate# that# settlement# plates# with# textured# tape# appropriately#





Temperature# has# been# documented# to# have# multiple# impacts# on# intertidal#
organisms# influencing# not# only# population# distributions# (Somero# 2002;# Gilman# 2006;#
Herbert#et#al.#2007;#Jones#et#al.#2010),#but#also#early#life6history#stages#(Gosselin#and#Qian#
1997;# Hunt# and# Scheibling# 1997;# Lathlean# et# al.# 2013;# Rognstad# and# Hilbish# 2014).# For#
instance,#body#temperature#(Harley#and#Lopez#2003)#and#mortality# for#barnacles#(Harley#
and#Helmuth#2003)#and# limpets# (Denny#and#Harley#2006)# is# tightly#correlated#with# rock#
temperature.#Despite#this,#in#my#study#temperature#differences#among#treatments#were#not#
associated# with# differences# in# early# life6history# processes# for# either# study# species.# This#
suggests#that#either#settlement#plate#temperatures#did#not#exceed#thermal#limits#and#that#
both# species#may#have#wide# thermal# tolerances,# or# that# the# temperature# experienced#on#
plates#was#sufficiently#stressful#that#almost#all#barnacles#died#regardless#of#treatment.##
B.#glandula#is#native#to#the#cool6temperate#west#coast#of#North#America#(Geller#et#al.#
2008)# where# average# water# temperatures# range# from# 2.2# to# 21.1°C# (Geller# et# al.# 2008;#
Crawford# 2014).# Studies# conducted# along# the# west# coast# of# the# USA# (Berger# and# Emlet#
2007)# and# invaded# coastal# areas# of# Argentina# (Schwindt# 2007)# and# Japan# (Geller# et# al.#
2008)#have# shown#B.#glandula# is# able# to# survive#under#a#wide# range#of# temperatures.# In#
fact,# in#both#Argentina#and# Japan#B.#glandula#experiences#wider# temperature#ranges# than#
within# its# native# range# (Geller# et# al.# 2008).# While# in# its# native# range# the# upper#
distributional# limits#of#B.#glandula# are#negatively# correlated#with# increasing# temperature#
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(Harley# 2011),# the# species# has# shown# to# tolerate# substrate# temperatures# up# to# 46.5°C#
(Harley#and#Lopez#2003).#In#contrast,#C.#dentatus’#historical#presence#along#the#entire#South#





2010a;# Lamb# et# al.# 2014),# it# is# possible# that# temperature# alone# may# not# exert# a# direct#
regulating#effect#on#these#biological#processes#for#either#B.#glandula#or#C.#dentatus.#A#similar#
finding# has# been#made# for# Semibalanus# balanoides# and#Elminius#modestus# (Findlay# et# al.#
2010).# It# is# thus# suggested# that# differences# in# early# life6history# processes# between# B.#
glandula#and#C.#dentatus#may#be#evidence#of#a#competitive#advantage#held#by#B.#glandula#





1997),# recruitment# (Connell# 1985;#Menge# 2000),# and# growth# of# barnacles# (Menge# 2000;#
Elías#and#Vallarino#2001;#Leslie#2005).#It#has#been#suggested#that#B.#glandula#outcompeted#
native#barnacles#along#the#Japanese#coastline#by#breeding#at#small#sizes#and#settling#in#high#
densities# before# native# barnacles,# thereby# disrupting# their# ability# to# settle# and# recruit#
(Kado# 2003).# The# fact# that# B.# glandula# and# C.# dentatus# do# not# co6occur# in# South# Africa#
precludes#direct#assessments#of#competition,#but#my#results#may#suggest#that#B.#glandula#
shows# relatively# higher# settlement# than#C.# dentatus#on# natural# rock.# This# relative# higher#
settlement#of#B.#glandula#could#be#attributed#to#high#fecundity#rates#(Newman#and#Abbott#
1980)#or#its#tendency#to#establish#in#high#densities#(Kado#2003;#Geller#et#al.#2008).#These#
traits# could# provide# adaptive# advantages# in# invaded# regions# and# likely# play# a# role# in#
determining#its#settlement#success#in#South#Africa.##
Mortality#of#newly#settled#invertebrates#can#be#influenced#by#abiotic#factors#as#well#
as# competition# and# predation# (Hunt# and# Scheibling# 1997;# Menge# 2000).# My# results#
revealed#that#mortality#rates#for#both#species#were#very#high#–#almost#100#percent#in#many#
cases.#This#aligns#with#numerous#studies#that#have#found#newly#settled#invertebrates#to#be#
extremely# susceptible# to# mortality# (Gaines# and# Roughgarden# 1985;# Gosselin# and# Qian#
1997;# Menge# 2000).# While# crowding# can# increase# mortality# of# settled# and# growing#
barnacles# (Connell# 1985;# Gaines# and# Roughgarden# 1985),# this# was# not# evident# in# this#
study,#as#barnacles#never#touched.#Some#studies#have#found#that#mortality#was#significantly#
higher#on#artificial#plates#than#on#the#natural#rock#due#to#heightened#temperatures#(Shanks#




on# artificial# plates# than# on# rock,# suggesting# that# temperatures# experienced# on# artificial#
plates# in# this# study,#did#not# represent# lethal# temperatures# for#either# species.#Although#B.#
glandula#and#C.#dentatus#do#not#currently#coexist,#the#lower#relative#mortality#of#B.#glandula#
on#rock#recorded#by# this#study# is#notable.#Should# this# trend#persist#when#the#species#are#




(Lathlean# and# Minchinton# 2012,# Lathlean# et# al.# 2013;# Alam# et# al.# 2013),# regional#






designs,# different# time# scales# might# explain# these# different# outcomes.# Since# my# study#
assessed#not#just#early#life6history,#but#also#the#effect#of#temperature#over#a#long#period#of#








exhibit# high# growth# rates# in# comparison# to# native# mussels# (Steffani# and# Branch# 2003),#
which# is#believed#to#give# them#a#competitive#advantage#(Griffiths#et#al.#1992).#My#results#
provide# evidence# that# B.# glandula# possesses# such# an# advantage# over# C.# dentatus.# As#
individuals#in#the#analyses#were#of#the#same#age#and#both#species#reach#similar#adult#sizes#
(5# –# 10mm),# B.# glandula’s# greater# relative# size# after# six# weeks# is# indicative# of# a# higher#
growth#rate.#This#high#growth#is#well#documented#in#the#literature#(Connell#1961a,#1970;#
Leslie#2005).#In#low#initial#densities,#B.#glandula#exhibits#highest#growth#rates#and#thus#is#
able# to#achieve# large#sizes#quickly# (Leslie#2005).# In# its#native# range,#B.#glandula# achieves#
higher#percent#cover#than#the#native#barnacle#Chthamalus#dalli#despite#low#initial#densities#






Results# from# this# chapter# revealed# that# there# were# no# systematic# effects# of#
temperature# on# the# early# life6history# processes# of# either# species.# However,# the# fact# that#
settlement# and# recruitment# of# Balanus# glandula# were# relatively# higher,# mortality# was#
relatively# lower,# and# growth# was# relatively# greater# on# rock# than# that# of# Chthamalus#
dentatus# is# notable.# In# light# of# this,# it# is# possible# that# a# broad# thermal# tolerance# coupled#
with# a# competitive# nature# could# enable# B.# glandula# to# spread# further# north# and#
southeastward# along# the# South#African# coast# despite# climate6related# changes.# This# study#




























Currently,# limited#methodologies# exist# to# effectively# assess# and#predict# impacts# of#
invasive# species# on# native# biota# (Parker# et# al.# 1999;# Bollache# et# al.# 2008).# Recently,#
however,# a# novel#methodology# that# compares# resource# utilization# between# invasive# and#
native# species#has#been#developed# to#address# this#need# (Dick#et# al.#2014).# If# found# to#be#
effective#in#a#variety#systems,#this#methodology#could#help#predict#a#species’#potential#for#
becoming# invasive# and# provide# insight# into# possible# ecological# impacts# (Bollache# et# al.#
2008;#Dick#et#al.#2013;#Dick#et#al.#2014).#To#date,# it#has#been#shown#that# invasive#species#
are#generally#more#efficient#at#utilizing#resources#than#native#comparators,#which#is#often#
mirrored# in# impacts#detected# in# the# field#(Bollache#et#al.#2008;# Johnson#et#al.#2008;#Weis#
2010;# Dick# et# al.# 2013).# It# follows# that# the# higher# the# resource# use# of# an# invader# in#
comparison# to# native# biota,# the# greater# threat# it# may# represent# to# the# receiving#
environment# and# the# biotic# communities# (Dick# et# al.# 2013).# High# resource# use# can# be#
driven# by# a# number# of# factors,# such# as# differences# in# size# or# fecundity# rates# between#
invasive#and#native#species#(Bollache#et#al.#2008).##
Comparisons#of#resource#use#between#invasive#and#native#species#have#already#been#
undertaken# in# several# biological# systems.# These# include# studies# on# plants# (Funk# and#
Vitousek#2007),#marine#amphipods#(Bollache#et#al.#2008),# freshwater#amphipods#(Dick#et#









Cyprid# larvae#are# the# free#moving,#non6feeding# stage#of# the#barnacle's# life6history.#
Once# attached# to# a# substratum,# they# metamorphose# into# feeding# juveniles# (Gaines# and#
Roughgarden#1985)#and#are#then#capable#of#both#active#and#passive#feeding#(Geierman#and#
Emlet# 2009).# Barnacle# feeding# structures# are# called# cirri,# which# are# thin# feather6like#
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appendages# that# are# either# swept# through# the# water# to# create# a# current# that# carries#
particles# to# the# barnacle,# or# are# extended# into# the# current# to# passively# capture# particles#
(Sanford#et#al.#1994;#Geierman#and#Emlet#2009).#Barnacles#display#four#main#feeding#types:#
“inactive”,# “active”,# “passive”,# and# “pumping”# (Geierman# 2007# (Figure# 1).# Which# feeding#
mode#is#employed#is#based#in#part#on#water#flow#(Crisp#and#Southward#1961;#Lewis#1981;#
Geierman# 2007).# In# higher# currents,# barnacles# are# typically# passive# feeders,# maximizing#
their#consumption#rates#while#minimizing#energy#expenditure#(Crisp#and#Southward#1961;#
Sanford# et# al.# 1994;# Geierman# and# Emlet# 2009).# In# slower# currents# they# often# switch# to#





Figure& 1.# Barnacle# feeding# types# showing# the# movement# of# the# cirri# (indicated# by# the# arrow)# during# a)#
inactive,#b)#active,#c)#passive#and#d)#pumping#feeding#types.#















increased# energy# expenditure# during# feeding# (Sanford# et# al.# 1994).# Balanus# glandula#
routinely# experiences#wide# temperature# ranges# in# its# native# range# (Newman# and# Abbot#






The# presence# of# food# can# also# influence# barnacles# feeding# activity# (Lewis# 1981).##




feeding# (Crisp# and# Southward# 1961).# Particle# size# may# also# affect# the# feeding# type#
employed#(Crisp#and#Southward#1961)#with#barnacles#unable#to#feed#outside#their#particle#
handling#range#(Crisp#and#Southward#1961).##
Despite# comparisons# of# resource# utilization# having# been# carried# out# between#
invasive#and#native#species# in#various#systems,# this#methodology#has#not#been# tested# for#
filter# feeders.# In# this# chapter,# I# aim# to# provide# the# first# direct# comparison# of# resource#
utilization# between# invasive# and# native# barnacles.# Specifically,# I# assess# how# water#




low# primary# productivity,# respectively# (Bustamante# et# al.# 1995).# By# combining# these#






glandula# will# have# higher# filtration# under# cool# West# Coast# conditions# (13°C),# while# N.#
algicola#will#have#higher#filtration#under#warmer#South#Coast#conditions#(20°C).#
H2:# Temperature# will# have# an# effect# on# the# feeding# behavior# of# both# species.# It# is#
anticipated# that#more#B.# glandula#will# feed#under# cool#West#Coast# conditions# (13°C)# and##










a# commercially# produced# algal# feed# comprised# of# Isochrysis# sp.# and# Pavlova# sp.# ranging#
from#4610µm#in#size#(Brightwell#Aquatics#PhytōGold6S).#As#individuals#of#equivalent#sizes#
could# not# be# found# on# the# shore,# size# was# accounted# for# during# all# experiments# by#
standardizing# biomass# among# species:# Fifty# B.# glandula# barnacles# and# fifty# N.# algicola#
barnacles#were#weighed#using#a#scale#and#the#average#weight#of#each#barnacle#per#species#
was#determined.#A# fixed#biomass#of#each#species#was#selected#for#use# in#the#experiments#
(i.e.# it# was# determined# that# for# every# 20# barnacles# of# B.# glandula# weighing# 9.74g,# 30#
barnacles#of#N.#algicola#would#be#needed#to#achieve#equal#biomass).##
2.1#Filtration#trails#
Barnacles#were#placed# into# tanks#with#500ml# artificial# seawater#with# a# salinity# of#
34ppt# and# starved# for# 48# hours# to# standardize# hunger.# Groups# of# each# species#weighing#
4.87g# were# randomly# allocated# to# (1)# a# high# concentration# treatment# (32# x# 106# algal#
cells.ml61)# or# (2)# a# low# concentration# treatment# (1# x# 106# algal# cells.ml61).# The# high#
concentration# was# made# by# placing# 0.042666ml# of# the# algal# solution# in# a# tank# with#
499.957ml#of#seawater,#whereas#the#low#concentration#was#made#by#placing#0.00666ml#of#
the#algal#solution#in#a#tank#with#499.993ml#of#seawater.#This#was#done#to#maintain#equal#
volumes# in# each# tank.# Algae# used# in# this# experiment# were# the# same# upon# which# the#
barnacles#were#maintained.#Controls#for#each#concentration#were#treated#in#the#same#way#
as#experimental# treatments,#but#no#barnacles#were#added.#All# treatments#were#replicated#
four# times# (Figure# 2).# These# filtration# trials# were# run# at# 13# and# 20°C.# During# the#
experiment,#water# flow#was#maintained# by# aerating# tanks# continuously.# Flow# cytometry#
was#used#to#count# the#number#of#algal#cells#remaining#after#one#hour.#Algal#cells#were#of#
similar# size# to# beads# used# by# the# flow# cytometer.# Thus,# the# LIVE/DEAD®# BacLight™#










each# species# (i.e.# 9.74g)#were# placed# in# separate# tanks#with# 3l# of# artificial# seawater# and#
supplied#with#375#x#106#algae#cells.ml61.#Cameras#mounted#above#tanks#were#used#to#film#
barnacles# for# ten# minutes.# From# each# video,# the# percentage# of# barnacles# that# fed# was#
quantified.# Of# those# barnacles# that# fed,# five# were# randomly# chosen# and# the# following#
information#recorded:#(1)#the#length#of#feeding#time,#(2)#cirral#beat#rate#per#minute#and#(3)#
feeding# types# displayed# (i.e.# inactive,# active,# passive,# and# pumping).# Barnacles# were#
recorded#as#“inactive”#if#they#had#closed#opercula#valves#and#were#not#feeding#for#at#least#3#
seconds;# “active”# if# barnacles# were# extending# and# contracting# their# cirri# in# sweeping#
motions#continually;# “passive”# if#barnacles#keep# their# cirri#extended# in# the#water#column#
longer# than# one# second#while# feeding;# and# were# recorded# as# “pumping”# if# the# opercula#
valves#were# open# and# cirri#were# folded# together# pumping# up# and# down.# Four# replicates#
groups#per#species#were#run#at#each#temperature.##
2.3#Statistics#
As# there# were# no# significant# decreases# in# the# number# of# algal# cells# in# the#
experimental# control# tanks,#we#were# able# to# assume# that# any#decrease# in# the#number#of#
algal#cells#in#the#treatment#tanks#was#due#to#barnacle#consumption.#Therefore,#the#controls#


























hoc# pairwise# t6tests# were# conducted# using# Bonferroni# p6value# adjustment# models.# Chi6
squared#tests#were#used#to#assess#differences#in#the#frequency#of#feeding#types#(i.e.#active,#





Under# experimental# conditions# simulating# the# South# Coast# (i.e.# low# algal#





significantly# affected# the#number# of# remaining# algal# cells# (Table# 1).#B.# glandula# removed#











low# and# high# food# concentrations# after# one# hour# of# filtration.# b)# Results# of# post6hoc# t6tests# analyzing# the#
effects#of#the#low#concentration#on#the#number#of#remaining#algal#cells.#B#=#B.#glandula,#N#=#N.#algicola,#13#=#
13°C,#20#=#20°C.#ns#=#non6significant.#
a) GLM& Factor& df&Effect& Null&deviance& F4ratio& p4value& &
Low& Species# 1# 1908.2# 4.02# ns# #
& Temperature# 1# 2568.6# 5.42# p<0.05# #
& Species#x#Temp# 1# 10537.2# 22.22# p<0.05# #
High& Species# 1# 5772.2# 8.09# p<0.05# #
& Temperature# 1# 485.9# 0.68# ns# #
& Species#x#Temp# 1# 77.7# 0.10# ns# #
#
b) T4tests& & B13& N13& B20& N20& &
Low& B13& # # # # #
& N13& ns# # # # #
& B20& p<0.01# p<0.01# # # #









differed#between#B.# glandula# and#N.# algicola# and#was# affected#by# temperature# (Table# 2).#
While# the# numbers# of# feeding# barnacles# did# not# differ# among# species# within# each#
temperature,#more#B.#glandula#fed#at#20°C#than#did#at#13°C#(Figure#4).#Both#species#spent#a#
longer# time# feeding#at#20°C# than#at#13°C# (Figure#4b).#Cirral#beat# rates#were# significantly#








a) GLM& Factor& df&Effect& Null&deviance& F4ratio& p4value&
%&Feeding& Species# 1# 17.89# 5.30# p<0.05#
& Temperature# 1# 86.73# 25.71# p<0.01#
& Species#x#Temp# 1# 0.106# 0.03# ns#
Feeding&Time& Species# 1# 43.79# 7.02# p<0.05#
& Temperature# 1# 210.57# 33.75# p<0.01#
& Species#x#Temp# 1# 5.38# 0.86# ns#
Cirral&Beat&Rate& Species# 1# 49.16# 26.23# p<0.01#
& Temperature# 1# 89.33# 47.77# p<0.01#
& Species#x#Temp# 1# 18.87# 10.09# p<0.01#
#
b) T4&tests& & B13& N13& B20& N20& &
Cirral&Beat&Rate& B13& & & & & #
& N13& ns# # # # #
& B20& p<0.01# p<0.01# # # #
& N20& ns# p<0.01# p<0.01# # #






Figure&4.#Mean# (±SE)# difference# among# species# and# temperature# in# a)# percentage# of# feeding# barnacles,# b)#
percentage# of# time# spent# feeding,# and# c)# cirral# beat# rate# per#minute.# Shared# letters# indicate# no# statistical#
difference#(p>0.05).#
Neither# species# nor# temperature# had# an# effect# on# the# frequency# of# feeding# types#
displayed#(X24,#8#=#6.01,#p>0.05)#(Figure#5).#There#was,#however,#a#trend#of#passive#feeding#











Comparisons# of# resource# utilization# between# invasive# and# native# species# have#
shown#promise#in#assessment#and#prediction#of#the#impacts#of# invasive#species#on#native#
biota# (Bollache# et# al.# 2008;# Dick# et# al.# 2014).# To# date,# it# has# been# shown# that# invasive#
species# often# exhibit# a# greater# and# more# efficient# use# of# food# resources# (Johnson# et# al.#
2008;# Weis# 2010;# Dick# et# al.# 2013)# and# that# the# higher# the# resource# utilization# of# an#
invader# over# the# native# species,# the# greater# potential# threat# it# represents# for# native#
communities# (Dick# et# al.# 2013).# While# these# comparisons# have# been# made# in# several#






food# concentration# affect# the# filtration# and# feeding# behaviors# of# the# invasive# barnacle,#
Balanus#glandula,#and#the#native,#Notomegabalanus#algicola,#along#the#coast#of#South#Africa.##
4.1#The#effect#of#temperature#and#algae#concentration#on#barnacle#filtration#
Studies# have# shown# that# both# temperature# (Sanford# et# al.# 1994;# Geierman# 2007)#
and#food#concentration#(Sanford#et#al.#1994)#can#influence#barnacle#feeding#behavior.#This#
work# found# that# feeding# is# often# greater# at# intermediate# temperatures# than# at# high#
temperatures,#likely#reflecting#an#increase#in#metabolic#demand#or#an#increase#in#thermal#














2008;# Weis# 2010).# Overall,# B.# glandula# displayed# highest# filtration# under# the# warmer#
temperature#than#under#cooler#temperatures,#which#was#contrary#to#what#was#predicted.#
Previous# research# supports# this# finding# whereby# the# barnacle# Semibalanus# balanoides#
similarly#displayed#higher#feeding#rates#at#increasing#temperatures#(Sanford#et#al.#1994).#A#
different# pattern#was# observed# for#N.# algicola,# which# showed# no# differences# in# filtration#
between#West#and#South#Coast# conditions.#Since# this# species#has#a# range#extending# from#
west# to# east# (Branch# et# al.# 2010)# its# feeding# optimum# spans# the# thermal# range# of# these#
coasts,#which#could#account#for#this.##
4.2#Effect#of#temperature#on#barnacle#feeding#behavior# #
Changes# in# temperature# can# lead# to# changes# in# energy# requirements# and# thus,#
behaviors# may# change# to# account# for# these# alterations# (Doney# et# al.# 2012).# These#
behavioral#responses#to#changing#temperature#are#known#to#occur#in#barnacles#(Sanford#et#
al.# 1994;# Geierman# 2007;# Nishizaki# and# Carrington# 2014).# My# results# revealed# that# the#
feeding#behaviors#of#both#species#were#affected#by#temperature.#Although#optimal#thermal#
tolerance# ranges# for# both# B.# glandula# and# N.# algicola# are# unknown,# both# species#
successfully# displayed# feeding# behaviors# at# both# temperatures.# This# indicates# that#
experimental# temperatures# are# unlikely# to# have# been# outside# either# species# thermal#
tolerance.##
It#is#notable#that#more#B.#glandula#barnacles#were#observed#feeding#for#a#longer#time#
with# a# faster# beat# rate# under#warm# South# Coast# conditions,# than# under# cool#West# Coast#
conditions.# These# variables#were# also# higher# than# those# of#N.# algicola# further# indicating#
that#this#invader#displays#greater#resource#use#than#the#native.#Counter#to#my#predictions,#
these#findings#suggest#that#B.#glandula#is#not#only#able#to#filter#at#the#higher#temperatures,#
but# is#more# active#under#warmer# temperatures.# This#was#unexpected# as#B.# glandula# is# a#
cool# temperate# water# species# (Newman# and# Abbot# 1980;# Geller# et# al.# 2008)# and# it# was#




suggest# a# wide# physiological# tolerance# of# this# species:# B.# glandula# occurs# in# areas# that#
experience# cold# water# temperatures# of# around# 2°C# (Geller# at# al.# 2008),# while# they# fed#
optimally#at#intermediate#temperatures#of#around#15°C#(Nishizaki#and#Carrington#2014).#B.#
glandula#has#also#survived#at#temperatures#up#to#34°C,#suggesting#that#the#species#may#be#
adapted# to# thermally# stressful# environments# (Berger# and# Emlet# 2007)# as# well# as# cool#
temperate#environments.# If#my#findings#hold#true#in#the#natural#environment,#heightened#
activity# of# B.# glandula# under# warm# South# Coast# conditions# could# be# due# to# a# wide#
physiological#tolerance#present#in#the#South#African#population.#For#instance,#if#the#native#
barnacle#populations# in#North#America#have#a#broad#physiological# tolerance,# but# are#not#
exposed# to# the# extremes# of# this# range,# then# the# invading# populations# could# successfully#
invade# a# variety# of# environments.# Conversely,# if# the# native# populations# have# a# narrow#
physiological# tolerance,# then# a# wide# tolerance# may# be# selected# for# in# the# invading#
population.# Considering# the# wide# temperature# differences# experienced# along# the# entire#
west# coast#of#North#America#and# seasonal# fluctuations# (Crawford#2014),# it# is#most# likely#
that# temperatures# experienced# by# B.# glandula# along# South# African# coast# are# within# its#
physiological# tolerance,# but#which#may# not# be# routinely# experienced# in# its# native# range.#
This#idea#was#suggested#of#B.#glandula#invading#Japan#(Geller#et#al.#2008).#
It# is# important# to# note# that# while# higher# temperatures# may# not# negatively# affect#
filtration#of#adult#barnacles,#they#may#impact#other#biological#processes#or#life#stages,#like#
reproduction# or# larvae# development.# Such# evidence# is# seen# in# the# barnacle,#Tesseropora#
rosea,# where#warm# temperatures# result# in# reduced# growth# and# survival# (Lathlean# et# al.#
2012).#Similarly,#while#higher#temperatures#negatively#impact#the#number#of#embryos#and#
the# survival# of# Semibalanus# balanoides# larvae# (Rognstad# and#Hilbish# 2014),# temperature#
does# not# affect# the# species’# rate# of# post6larvae# growth# (Findlay# et# al.# 2010).# Such#
differential#thermal#thresholds#are#known#for#other#marine#taxa#as#well#(Rius#et#al.#2014).#
While# some# barnacle# species# tend# to# display# passive# feeding# more# than# others,#
many#species#of#Balanoides#tend#not#to#exhibit#this#feeding#type#at#all#(Crisp#and#Southward#
1961).#My#results# suggest#a#higher# frequency#of# the#passive# feeding# type#displayed#by#N.#
algicola# and#a#higher# frequency#of#pumping#by#B.#glandula# at#both# temperatures.#Passive#
feeding#is#generally#employed#under#intermediate#water#currents,#while#barnacles#display#
active# feeding#under#slower#the#water#movement#(Crisp#and#Southward#1961;#Sanford#et#
al.# 1994;#Nishizaki# and# Carrington# 2014).# Since# the#water# flow# speed#was# kept# constant#
throughout# the# feeding#behavior# trials,#differences# in# the# feeding# types#displayed#are#not#
linked# to# water# flow,# but# more# likely# reflect# temperature# driven# or# species6specific#
differences.#These#results#have#obviously#implications#for#its#presence#here#in#South#Africa#
and# its# recent# spread#around#Cape#Point# (see#Chapter#2).#As#20°C# represents# an#average#
water# temperature# along# the# South# Coast# (Smit# et# al.# 2013),# it# possible# that# this#
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This# study# represents# the# first# attempt# at# applying# a# comparative# resource# use#
methodology# to# invasive#marine# filter# feeders.# This# assessment# has# shown# that#Balanus#
glandula#has#the#potential#of#invading#the#both#the#West#and#South#Coasts#of#South#Africa#
despite# differences# in# temperature# and# productivity# between# the# two.# These# results#
suggest#1)#the#invasive,#B.#glandula,#exhibits#a#more#efficient#use#of#food#resources#than#the#
native,# 2)# this# is# a# reflection# of# differing# feeding# behaviors# to# temperature# and# food#
concentration#by#the#two#species,#and#3)#that#the#warmer#South#Coast#conditions#may#not#





















a#general#poor#state#of#knowledge#concerning# the#range#and# impacts#of# these#species.#To#
date,#the#impacts#of#only#two#invasive#species#have#been#quantified#(see#Mead#et#al.#2013#
and#Greef#et#al.#2013# for#details).#As#climate#change# is#an# important#driving# force#behind#
community# changes# and# invasive# species# ranges# are# predicted# to# change# (Whitney# and#
Gabler#2008;#Zerebecki#and#Sorte#2011),#it#is#vital#to#quantify#species’#ranges#and#impacts#
to#understand#what#changes#may#be#induced#by#future#climate#change.#To#provide#insight#
into# potential# outcomes# of# the# eastward# spread# of#B.# glandula# into# warmer# waters# and#
provide#better#understanding#for#how#biological#processes#of#these#species#may#be#altered#
by#climate# induced#changes# in#temperature,#my#thesis#had#three#overarching#aims:#(1)#to#
assess# the# current# distribution# and# abundance# of# Balanus# glandula# in# relation# to# native#
barnacle#species#along#the#West#Coast#of#South#Africa;#(2)#to#elucidate#the#effects#of#varying#
substratum# temperature# on# the# settlement,# mortality,# recruitment# and# growth# of# B.#
glandula# and# the# native# Chthamalus# dentatus;# and# (3)# to# assess# the# effect# of# water#
temperature# and# food# concentration# on# the# filtration# and# feeding# behavior# between# B.#
glandula#and#the#native#Notomegabalanus#algicola.##
CHAPTER&2:&Status&of&Balanus!glandula&
Balanus# glandula,# an# dominant# intertidal# invader,# is# one# of# few# widely# spread#
marine# invasive#species#recognized#along#the#South#African#coast#(Mead#et#al.#2013).#The#
aim# of# this# study# was# to# provide# an# up6to6date# survey# of# the# status# of# B.# glandula# in#
comparison#to#native#barnacles,#assessing#(1)#the#distribution#of#B.#glandula#along#the#coast#
of# South# Africa# to# determine# if# the# species# was# spreading# and# (2)# the# abundance# of# B.#
glandula# and#native#barnacle# species.#Most#notably,# and#despite#previous#expectations,# it#
was# found# that# B.# glandula# has# extended# its# coast6wide# range# by# 70km,# breaching# the#
biogeographic# break# of# Cape# Point# and# occurring# in# False# Bay.# While# this# well6known#
biogeographic# break# separates# the# cool# temperate# Benguela# ecoregion# from# the# warm#
temperate#Agulhas#ecoregion#(Sink#et#al.#2011),#Smit#et#al.#(2013)#showed#that#near6shore#
water# temperatures# along# the# South# Coast# up# until# Cape# Agulhas# experience# similar#
temperatures#to#the#West#Coast#for#much#of#the#year.#Thus,#it#is#possible#that#temperature#











typify#barnacle#populations.#B.#glandula#was# the#dominant#barnacle# in# the# intertidal#zone#
along# the#West# Coast,# representing# 100# percent# of# barnacles# found# at# seven#West# Coast#
sites.#A#decrease#in#the#number#of#native#barnacle#species#recorded#along#the#West#Coast#
could# suggest# that# B.# glandula# is# outcompeting# native# species.# However,# the# absence# of#
these#natives#in#this#study#does#not#demonstrate#total#exclusion#from#this#coastline,#but#is#
cause# for# concern.# Along# the# South# Coast,# native# barnacles# were# most# abundant.# It# is#
anticipated# that# increases# in#abundances#of#B.#glandula# are# likely# to#occur#as# this#species#




suggests# that#continued#annual#surveys#are#necessary# to# track# future#range#changes#of#B.#
glandula,#especially#on#the#South#Coast.##
CHAPTER&3:&Impact&of&substratum&temperature&on&early&life4history&processes&
As#marine# invasions#become# increasingly# prevalent,# it# is# important# to# understand#
how#climate#change#may#moderate#their#spread#and#interactions#with#native#communities.#
In# light# of# the# recent# movement# of#Balanus# glandula# onto# the# warmer# South# Coast# and#
predicted# climate# warming# in# this# region,# I# aimed# to# determine# the# effect# of# changing#
substratum# temperature#at# a# local# level#on# the#early# life#history#processes#of#B.#glandula#
and#its#native#comparator,#Chthamalus#dentatus.#Using#settlement#plates#of#different#colors,#
I# manipulated# substratum# temperature# to# assess# settlement,# mortality,# recruitment# and#
growth# of# the# two# species.# Settlement# plates# located# at# two# sites# on# each# coast# were#
repeatedly#photographed#over# the#course#of# five#months# to# track#barnacles# through# time#
and#quantify#the#effects#on#early#life6history#processes.#
Although#B.#glandula# recruited#only#on#the#West#Coast#and#C.#dentatus#only#on#the#
South# Coast# preventing# direct# comparisons,# their# relative# responses# to# substratum#




1980)# or# a# tendency# to# establish# in# high# densities# (Kado# 2003;# Geller# et# al.# 2008).# In#
addition,# B.# glandula# showed# relatively# lower# mortality# on# rock# than# the# native.# This#
pattern#translated#into#higher#recruitment#of#the#invader#on#rock#than#was#recorded#for#C.#




but#overall,#B.#glandula# exhibited#a# faster#growth#rate# than#C.#dentatus# individuals.#While#
regional#differences#between#West#and#South#Coasts#must#be#acknowledged,# the# fact# that#
settlement#and#recruitment#of#B.#glandula#were#relatively#higher,#mortality#was#relatively#
lower# and# growth#was# relatively# greater# on# rock# than# that# of#C.# dentatus# is# notable.# The#
findings#from#this#chapter#suggest#that#a#competitive#advantage#held#by#B.#glandula#may#be#
more# important# in#determining# its# future# spread#and# impacts#on# the#South#African# coast#
than#climate#related#changes#in#substratum#temperature.##
CHAPTER& 4:& Effect& of& water& temperature& and& food& concentration& on& barnacle&
filtration&and&feeding&behavior&
Evidence# from# multiple# biological# systems# has# suggested# that# invasive# species#
exhibit# heightened# food# resource# utilization# than# native# species# (Dick# et# al.# 2013).# As#
climate# change# will# likely# further# impact# the# interactions# between# invasive# and# native#
species,#an#assessment#of#how#temperature#moderates#a#species’#resource#utilization#could#








Notably,# both# water# temperature# and# food# concentration# played# a# role# in#
influencing#barnacle# filtration#and#feeding#behavior.#While#temperature#did#not#affect# the#
filtration# of# N.# algicola,# it# did# for# B.# glandula.# Counter# to# our# predictions,# B.# glandula#
exhibited# greater# filtration# under# warmer# temperatures# and# lower# algal# concentrations#
similar#to#those#of#the#South#Coast.#Under#all#thermal#and#productivity#regimes,#B.#glandula#
demonstrated#higher# resource#use# than#did#N.#algicola.#Temperature#affected# the# feeding#
behavior#of#both#species.#More#B.#glandula#barnacles# fed#and# fed# for# longer#with#a# faster#
beat# rate# under# warmer# temperatures# than# under# cooler# temperatures.# These# variables#
were#also#greater#than#those#of#N.#algicola#under#cooler#temperatures.#B.#glandula#was#not#
only#able#to#function#at#the#higher#temperatures,#but#also#that#the#species#was#more#active#
under# warmer# temperatures.# This# is# notable# considering# that# B.# glandula# was# not#
anticipated#to#do#well#under#the#warmer#South#Coast#(Laird#and#Griffith#2008).#However,#as#
the#west#coast#of#North#American#experiences#broad#temperature#differences#from#north#to#
south# (Crawford# 2014),# it# is# therefore# likely# that# the# South# African# population# of# B.#
glandula# has# a# broad# thermal# tolerance# that# may# enable# it# to# withstand# wide# thermal#
ranges.# These# results# suggest# that# (1)# the# invasive,# B.# glandula,# exhibits# greater#





In# conclusion,# results# from# this#project# show# that#B.#glandula# has# spread#onto# the#
South#Coast#and#that#warmer#temperatures#might#not#exert#a#direct#regulating#effect#on#the#
early# life#history#processes#of#B.#glandula.#Warmer# temperatures#did# illicit#an# increase# in#
filtration#and#cirral#beat#rate,#suggesting#that# if# the#metabolic#demands#of#B.#glandula#are#
continually#met#under#South#Coast#conditions,#the#species#may#display#higher#resource#use#
than# under# cold#West# Coast# conditions# in# the# field.# These# results#may# be# indicative# of# a#
competitive#advantage#held#by#B.#glandula#coupled#with#a#broad#thermal#tolerance.#Thus,#it#
is#predicted#that#neither#regional#temperature#differences#nor#climate6induced#changes#in#
temperature#are#likely#to#represent#a#barrier#for#the#further#spread#of#this#species.##
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
#
54#
#
REFERENCES&
&
Alam,#R.#A.#K.#M.,#Hagino,#T.,#Fukaya,#K.,#Okuda,#T.,#Nakaoka,#M.,#&#Noda,#T.#(2013).#Early#
phase#of#the#invasion#of#Balanus#glandula#along#the#coast#of#Eastern#Hokkaido:#
changes#in#abundance,#distribution,#and#recruitment.#Biological#Invasions,#16,#1699–
1708.#doi:10.1007/s1053060136061964.#
Alexander,#M.#E.,#Dick,#J.#T.#A.,#Weyl,#O.#L.#F.,#Robinson,#T.#B.,#&#Richardson,#D.#M.#(2014).#
Existing#and#emerging#high#impact#invasive#species#are#characterized#by#higher#
functional#responses#than#natives.#Biology#Letters,#10(2),#20130946.#
Arim,#M.,#Abades,#S.#R.,#Neill,#P.#E.,#Lima,#M.,#&#Marquet,#P.#A.#(2006).#Spread#dynamics#of#
invasive#species.#Proceedings#of#the#National#Academy#of#Sciences#of#the#United#States#of#
America,#103(2),#374–8.#doi:10.1073/pnas.0504272102.#
Barrios6O’Neill,#D.,#Dick,#J.#T.#A,#Emmerson,#M.#C.,#Ricciardi,#A.,#Macisaac,#H.#J.,#Alexander,#M.#
E.,#&#Bovy,#H.#C.#(2013).#Fortune#favours#the#bold:#a#higher#predator#reduces#the#
impact#of#a#native#but#not#an#invasive#intermediate#predator.#The#Journal#of#Animal#
Ecology,#83,#693–701.#doi:10.1111/136562656.12155.#
Barry,#J.#P.,#Baxter,#C.#H.,#Sagarin,#R.#D.,#&#Gilman,#S.#E.#(1995).#Climate6related,#long6term#
faunal#changes#in#a#California#rock#intertidal#community.#Science,#267,#672–5.#
Bax,#N.,#Williamson,#A.,#Aguero,#M.,#Gonzalez,#E.,#&#Geeves,#W.#(2003).#Marine#invasive#alien#
species:#a#threat#to#global#biodiversity.#Marine#Policy,#27,#313–323.#
doi:10.1016/S03086597X(03)0004161.#
Berger,#M.#S.,#&#Emlet,#R.#B.#(2007).#Heat6shock#response#of#the#upper#intertidal#barnacle#
Balanus#glandula:#thermal#stress#and#acclimation.#Biological#Bulletin,#212(3),#232–241.#
Bertness,#M.#D.#(1989).#Intraspecific#competition#and#facilitation#in#a#northern#acorn#
barnacle#population.#Ecology,#70(1),#257–268.#
Bertness,#M.,#Gaines,#S.#D.,#&#Richard,#A.#W.#(1996).#Wind6driven#settlement#patterns#in#the#
acorn#barnacle#Semibalanus#balanoides.#Marine#Ecology#Progress#Series,#137,#103–110.#
Bertness,#M.#D.,#Leonard,#G.#H.,#Levine,#J.#M.,#&#Bruno,#J.#F.#(1999).#Climate6driven#
interactions#among#rocky#intertidal#organisms#caught#between#a#rock#and#a#hot#place.#
Oecologia,#120,#446–450.#
Bindoff,#N.,#Willebrand,#J.,#Artale,#V.,#Cazenave,#A.,#Gregory,#J.,#Gulev,#S.,##
Hanawa,#K.,#Le#Quere,#C.,#Levitus,#S.,#Nojiri,#Y.,#Shum,#C.,#Talley,#L.,#Unnikrishnan,#A.,##
Antonov,#J.,#Bates,#N.,#Boyer,#T.,#Chambers,#D.,#Chao,#B.,##Church,#J.,#Emerson,#S.,#Feely,#R.,##
Garcia,#H.,#González6Dávila,#M.,#Gruber,#N.,#Josey,#S.,#Joyce,#T.,#Kim,#K.,#King,#B.,##
55#
#
Kortzinger,#A.,#Lambeck,#K.,#Laval,#K.,#Lefevre,#N.,#Lueliette,#E.,#Marsh,#R.,#Mauritzen,#C.,##
McPhaden,#M.,#Millot,#C.,#Milly,#C.,#Molinari,#R.,#Nerem,#S.,#Ono,#T.,#Pahlow,#M.,#Peng,#T.,##
Proshutinsky,#A.,#Quadfasel,#D.,#Qiu,#B.,#Rahmstorf,#S.,#Rintoul,#S.,#Rixen,#M.,#Rizzoli,#P.,##
Sabine,#C.,#Schott,#F.,#Song,#Y.,#Stammer,#D.,#Suga,#T.,#Sweeney,#C.,#Tamisiea,#S.,#Tsimplis,##
M.,#Wanninkhof,#R.,#Willis,#J.,#Woodworth,#P.,#Yashayaev,#I.,#Yasuda,#I.#(2007).##
Observations:#oceanic#climate#change#and#sea#level.#In#International#Panel#on#Climate#
Change:#Fourth#Assessment#Report,#1–52.#
#
Blackburn,#T.#M.,#Pyšek,#P.,#Bacher,#S.,#Carlton,#J.#T.,#Duncan,#R.#P.,#Jarošík,#V.,#Wilson,#J.#R.#U.,##
Richardson,#D.#M.#(2011).#A#proposed#unified#framework#for#biological#invasions.##
Trends#in#Ecology#&#Evolution,#26(7),#333–339.#doi:10.1016/j.tree.2011.03.023.#
Blamey,#L.#K.,#&#Branch,#G.#M.#(2008).#Habitat#diversity#relative#to#wave#action#on#rocky#
shores:#implications#for#the#selection#of#marine#protected#areas.#Aquatic#Conservation:#
Marine#and#Freshwater#Ecosystems,#19:#5546565.#
Boland,#J.#M.#(1997).#The#horizontal#zonation#of#two#species#of#intertidal#barnacle#in#South#
Africa.#South#African#Journal#of#Marine#Science,#18(1),#49–61.#
Bollache,#L.,#Dick,#J.#T.#A.,#Farnsworth,#K.#D.,#&#Montgomery,#W.#I.#(2008).#Comparison#of#the#
functional#responses#of#invasive#and#native#amphipods.#Biology#Letters,#4,#166–169.#
doi:10.1098/rsbl.2007.0554.#
Branch,#G.#M.,#&#Steffani,#N.#C.#(2004).#Can#we#predict#the#effects#of#alien#species?#A#case6
history#of#the#invasion#of#South#Africa#by#Mytilus#galloprovincialis#(Lamarck).#Journal#of#
Experimental#Marine#Biology#and#Ecology,#300,#189–215.#
doi:10.1016/j.jembe.2003.12.007.#
Branch,#G.#M.,#Odendaal,#F.,#Robinson,#T.#B.#(2008).#Long6term#monitoring#of#the#arrival,#
expansion#and#effects#of#the#alien#mussel#Mytilus#galloprovincialis#relative#to#wave#
action.#Marine#Ecology#Progress#Series,#370,#171683.##
Branch,#G.M.,#Griffiths,#C.L.,#Branch,#M.L.,#Beckley,#L.E.#(2010).#Two#Oceans:#A#guide#to#the#
marine#life#of#southern#Africa.#Struik#Nature,#Cape#Town.#
Brander,#K.#(2010).#Impacts#of#climate#change#on#fisheries.#Journal#of#Marine#Systems,#79,#
389–402.#doi:10.1016/j.jmarsys.2008.12.015.#
Brook,#B.#W.,#Sodhi,#N.#S.,#&#Bradshaw,#C.#J.#A.#(2008).#Synergies#among#extinction#drivers#
under#global#change.#Trends#in#Ecology#&#Evolution,#23(8),#453–60.#
doi:10.1016/j.tree.2008.03.011.#
Brown,#P.#C.,#Painting,#S.#J.,#&#Cochrane,#K.#L.#(1991).#Estimates#of#phytoplankton#and#
bacterial#biomass#and#production#in#the#northern#and#southern#Benguela#ecosystems.#
South#African#Journal#of#Marine#Science,#11(1),#537–564.#
doi:10.2989/025776191784287673.#
56#
#
Bruno,#J.#F.,#Stachowicz,#J.#J.,#Bertness,#M.#D.#(2003).#Inclusion#of#facilitation#into#ecological#
theory.#Trends#in#Ecology#and#Evolution,#18(3),#1196125.#
Buckley,#B.#A.,#Owen,#M.,#&#Hofmann,#G.#E.#(2001).#Adjusting#the#thermostat:#the#threshold#
induction#temperature#for#the#heat6#shock#response#in#intertidal#mussels#(genus#
Mytilus)#changes#as#a#function#of#thermal#history.#The#Journal#of#Experimental#Biology,#
204,#3571–3579.#
Bustamante,#R.#H.,#Branch,#G.#M.,#Eekhout,#S.,#Robertson,#B.,#Zoutendyk,#P.,#Schleyer,#M.,#Dye,##
A.,#Hanekom,#N.,#Keats,#D.,#Jurd,#M.,#Mcquaid,#C.#(1995).#Gradients#of#intertidal#primary##
productivity#around#the#coast#of#South#Africa#and#their#relationships#with#consumer##
biomass.#Oecologia,#102(2),#189–201.#
Byers,#J.#E.#(2002).#Impact#of#non6indigenous#alteration#regimes#of#selection#anthropogenic.#
Oikos,#97(3),#449–458.#
Carlsson,#N.#O.,#Sarnelle,#O.,#&#Strayer,#D.#L.#(2009).#Native#predators#and#exotic#prey#–#an#
acquired#taste?#Frontiers#in#Ecology#and#the#Environment,#7(10),#525–532.#
doi:10.1890/080093.#
Carlton,#J.#T.,#&#Geller,#J.#B.#(1993).#Ecological#roulette:#the#global#transport#of#
nonindigenous#marine#organisms.#Nature,#261,#78–82.#
Cockrell,#M.#L.,#&#Sorte,#C.#J.#B.#(2013).#Predicting#climate6induced#changes#in#population#
dynamics#of#invasive#species#in#a#marine#epibenthic#community.#Journal#of#
Experimental#Marine#Biology#and#Ecology,#440,#42–48.#
doi:10.1016/j.jembe.2012.11.008.#
Compton,#T.#J.,#Leathwick,#J.#R.,#&#Inglis,#G.#J.#(2010).#Thermogeography#predicts#the#
potential#global#range#of#the#invasive#European#green#crab#(Carcinus#maenas).#
Diversity#and#Distributions,#16,#243–255.#doi:10.1111/j.147264642.2010.00644.x.#
Connell,#J.#H.#(1961a).#Effects#of#competition,#predation#by#Thais#lapillus,#and#other#factors#
on#natural#populations#of#the#barnacle#Balanus#balanoides.#Ecological#Monographs,#
31(1),#61–104.#
Connell,#J.#H.#(1961b).#The#Influence#of#interspecific#competition#and#other#factors#on#the#
distribution#of#the#barnacle#Chthamalus#stellatus.#Ecology,#42(4),#710–723.#
Connell,#J.#H.#(1970).#A#predator6prey#system#in#the#marine#intertidal#region.#I.#Balanus#
glandula#and#several#predatory#species#of#Thais.#Ecological#Monographs,#40(1),#49–78.#
Connell,#J.#H.#(1985).#The#consequences#of#variation#in#initial#settlement#vs.#post6settlement#
mortality#in#rocky#intertidal#communities.#Journal#of#Experimental#Marine#Biology#and#
Ecology,#93,#11–45.#
57#
#
Crawford,#W.#(2014).#News#of#the#North#Pacific#Ocean.#The#North#Pacific#Marine#Science#
Organization#(PICES),#22,#3366.#
Crisp,#D.#(1960).#Factors#influencing#growth6rate#in#Balanus#balanoids.#Journal#of#Animal#
Ecology,#29(1),#95–116.#
Crisp,#D.#J.,#&#Southward,#A.#J.#(1961).#Different#types#of#cirral#activity#of#barnacles.#
Philosophical#Transactions#of#the#Royal#Society#of#London.#Series#B,#Biological#Sciences,#
243(705),#271–307.#
Denny,#M.#W.,#&#Harley,#C.#D.#G.#(2006).#Hot#limpets:#predicting#body#temperature#in#a#
conductance6mediated#thermal#system.#The#Journal#of#Experimental#Biology,#209,#
2409–19.#doi:10.1242/jeb.02257.#
DeRivera,#C.#E.,#Ruiz,#G.#M.,#Hines,#A.#H.,#&#Jivoff,#P.#(2005).#Biotic#resistance#to#invasion:#
native#predator#limits#abudnance#and#distribution#of#an#introduced#crab.#Ecology,#
86(12),#3364–3376.#
Dick,#J.#T.#A.,#Armstrong,#M.,#Clarke,#H.#C.,#Farnsworth,#K.#D.,#Hatcher,#M.#J.,#Ennis,#M.,#
Andrew,#K.,#Dunn,#A.#M.#(2010).#Parasitism#may#enhance#rather#than#reduce#the#
predatory#impact#of#an#invader.#Biology#Letters,#6(5),#636–8.#
doi:10.1098/rsbl.2010.0171.#
Dick,#J.#T.#A.,#Gallagher,#K.,#Avlijas,#S.,#Clarke,#H.#C.,#Lewis,#S.#E.,#Leung,#S.,#Minchin,#D.,#Caffrey,#
J.,#Alexander,#M.#E.,#Maguire,#C.,#Harrod,#C.,#Reid,#N.,#Haddaway,#N.#R.,#Farnsworth,#K.,#D.,#
Penk,#M.,#Ricciardi,#A.#(2013).#Ecological#impacts#of#an#invasive#predator#explained#and#
predicted#by#comparative#functional#responses.#Biological#Invasions,#15(4),#837–846.#
doi:10.1007/s1053060126033268.#
Dick,#J.#T.#A.,#Alexander,#M.#E.,#Jeschke,#J.#M.,#Ricciardi,#A.,#MacIsaac,#H.#J.,#Robinson,#T.#B.,#
Kumschick,#S.,#Weyl,#O.#L.#F.,#Dunn,#A.#M.,#Hatcher,#M.#J.,#Paterson,#R.#A.,#Farnsworth,#K.#
D.,#Richardson,#D.#M.#(2014).#Advancing#impact#prediction#and#hypothesis#testing#in#
invasion#ecology#using#a#comparative#functional#response#approach.#Biological#
Invasions,#16(4),#735–753.#doi:10.1007/s1053060136055068.#
Dlugosch,#K.#M.,#&#Parker,#I.#M.#(2008).#Founding#events#in#species#invasions:#genetic#
variation,#adaptive#evolution,#and#the#role#of#multiple#introductions.#Molecular#
Ecology,#17(1),#431–49.#doi:10.1111/j.13656294X.2007.03538.x.#
Doney,#S.#C.,#Ruckelshaus,#M.,#Emmett#Duffy,#J.,#Barry,#J.#P.,#Chan,#F.,#English,#C.#A.,#Galindo,#H.#
M.,#Grebmeier,#J.#M.,#Hollowed,#A.#B.,#Knowlton,#N.,#Polovina,#J.,#Rabalais,#N.#N.,#
Sydeman,#W.#J.,#Talley,#L.#D.,#Talley,#L.#D.#(2012).#Climate#change#impacts#on#marine#
ecosystems.#Annual#Review#of#Marine#Science,#4,#11–37.#doi:10.1146/annurev6marine6
0419116111611.#
58#
#
Dong,#Y.,#Yu,#S.,#Wang,#Q.,#&#Dong,#S.#(2011).#Physiological#responses#in#a#variable#
environment:#relationships#between#metabolism,#hsp#and#thermotolerance#in#an#
intertidal6subtidal#species.#PloS#One,#6(10),#e26446.#
doi:10.1371/journal.pone.0026446.#
Dufois,#F.,#&#Rouault,#M.#(2012).#Sea#surface#temperature#in#False#Bay#(South#Africa):#
towards#a#better#understanding#of#its#seasonal#and#inter6annual#variability.#
Continental#Shelf#Research,#43,#24–35.#doi:10.1016/j.csr.2012.04.009.#
Dukes,#J.#S.,#&#Mooney,#H.#A.#(1999).#Does#global#change#increase#the#success#of#biological#
invaders?#Trends#in#Ecology#and#Evolution,#14(4),#135–139.#
Dumont,#C.#P.,#Gaymer,#C.#F.,#&#Thiel,#M.#(2011).#Predation#contributes#to#invasion#
resistance#of#benthic#communities#against#the#non6indigenous#tunicate#Ciona#
intestinalis.#Biological#Invasions,#13(9),#2023–2034.#doi:10.1007/s1053060116001867.#
Elías,#R.,#&#Vallarino,#A.#(2001).#The#introduced#barnacle#Balanus#glandula#(Darwin)#in#the#
Mar#del#Plata#port#as#a#structuring#species#in#the#intertidal#community.#Investigaciones#
Marinas,#29(1),#37–46.#
Emanuel,#B.#P.,#Bustamante,#R.#H.,#Branch,#G.#M.,#Eekhout,#S.,#&#Odendaal,#F.#J.#(1992).#A#
zoogeographic#and#functional#approach#to#the#selection#of#marine#reserves#on#the#
West#Coast#of#South#Africa.#South#African#Journal#of#Marine#Science,#12(1),#341–354.#
doi:10.2989/02577619209504710.#
Fairweather,#P.#G.#(1988).#Consequences#of#supply6side#ecology:#manipulating#the#
recruitment#of#intertidal#barnacles#affects#the#intensity#of#predation#upon#them.#
Biological#Bulletin,#175,#3496354.#
Farrell,#A.#P.,#Hinch,#S.#G.,#Cooke,#S.#J.,#Patterson,#D.#A.,#Crossin,#G.#T.,#Lapointe,#M.,#&#Mathes,#
M.#T.#(2008).#Pacific#salmon#in#hot#water:#applying#aerobic#scope#models#and#
biotelemetry#to#predict#the#success#of#spawning#migrations.#Physiological#and#
Biochemical#Zoology,#81(6),#697–708.#doi:10.1086/592057.#
Field,#D.#B.#(2006).#Plantonic#foraminifera#of#the#California#current#reflect#20th6century#
warming.#Science,#311(63),#63–66.#doi:10.1021/jp053848o.20.#
Findlay,#H.#S.,#Kendall,#M.#A.,#Spicer,#J.#I.,#&#Widdicombe,#S.#(2010).#Post6larval#development#
of#two#intertidal#barnacles#at#elevated#CO2#and#temperature.#Marine#Biology,#157(4),#
725–735.#doi:10.1007/s0022760096135661.#
Firth,#L.#B.,#&#Hawkins,#S.#J.#(2011).#Introductory#comments#6#Global#change#in#marine#
ecosystems:#patterns,#processes#and#interactions#with#regional#and#local#scale#impacts.#
Journal#of#Experimental#Marine#Biology#and#Ecology,#400(162),#1–6.#
doi:10.1016/j.jembe.2011.02.001.#
59#
#
Funk,#J.#L.,#&#Vitousek,#P.#M.#(2007).#Resource6use#efficiency#and#plant#invasion#in#low6
resource#systems.#Nature,#446(7139),#1079–81.#doi:10.1038/nature05719.#
Gaines,#S.,#&#Roughgarden,#J.#(1985).#Larval#settlement#rate:#a#leading#determinant#of#
structure#in#an#ecological#community#of#the#marine#intertidal#zone.#Proceedings#of#the#
National#Academy#of#Sciences#of#the#United#States#of#America,#82(11),#3707–3711.#
Geierman,#C.#(2007).#Barnacle#feeding:#Comparing#cirral#anatomy,#feeding#behavior,#
Reynolds#numbers,#and#cirral#fan#leakiness#across#three#size#classes#of#three#species#of#
common#Acorn#barnacles.#MSc#Thesis.#University#of#Oregon.#
Geierman,#C.,#&#Emlet,#R.#(2009).#Feeding#behavior,#cirral#fan#anatomy,#Reynolds#numbers,#
and#leakiness#of#Balanus#glandula,#from#post6metamorphic#juvenile#to#the#adult.#
Journal#of#Experimental#Marine#Biology#and#Ecology,#379(162),#68–76.#
doi:10.1016/j.jembe.2009.08.003.#
Geller,#J.,#Sotka,#E.,#Kado,#R.,#Palumbi,#S.,#&#Schwindt,#E.#(2008).#Sources#of#invasions#of#a#
northeastern#Pacific#acorn#barnacle,#Balanus#glandula,#in#Japan#and#Argentina.#Marine#
Ecology#Progress#Series,#358,#211–218.#doi:10.3354/meps07466.#
Gilman,#S.#E.#(2006).#The#northern#geographic#range#limit#of#the#intertidal#limpet#Collisella#
scabra:#a#test#of#performance,#recruitment,#and#temperature#hypotheses.#Ecography,#
29,#709–720.#
Gosselin,#L.#A.,#&#Qian,#P.#(1997).#Juvenile#mortality#in#benthic#marine#invertebrates.#Marine#
Ecology#Progress#Series,#146,#265–282.#doi:10.3354/meps146265.#
Greef#K.#De.,#Griffiths#C.#L.,#Zeeman#Z.#(2013)#Deja#vu?#A#second#mytilid#mussel,#Semimytilus#
aglsous,#invades#South#Africa’s#West#Coast.#African#Journal#of#Marine#Science,#35,#307–
313.#
Griffiths,#C.#L.,#Hockey,#P.#A.#R.,#Van#Erkom#Schurink,#C.,#&#Le#Roux,#P.#J.#(1992).#Marine#
invasive#aliens#on#South#African#shores:#implications#for#community#structure#and#
tropillc#functioning.#South#African#Journal#of#Marine#Science,#12(1),#713–722.#
doi:10.2989/02577619209504736.#
Griffiths,#C.#L.,#Mead,#A.,#&#Robinson,#T.#B.#(2009).#A#brief#histoty#of#marine#bio6invasions#in#
South#Africa.#African#Zoology,#44,#241–247.#
Grosholz,#E.#D.,#&#Ruiz,#G.#M.#(1996).#Predicting#the#impact#of#introduced#marine#species:#
lessons#from#the#multiple#invasions#of#the#European#green#crab#Carinus#maenas.#
Biological#Conservation,#78,#59–66.#
Grosholz,#E.#(2002).#Ecological#and#evolutionary#consequences.#Trends#in#Ecology#&#
Evolution,#17(1),#22–27.#
60#
#
Grosholz,#E.#D.,#&#Ruiz,#G.#M.#(2003).#Biological#invasions#drive#size#increases#in#marine#and#
estuarine#invertebrates.#Ecology#Letters,#6,#700–705.#doi:10.1046/j.14616
0248.2003.00495.x.#
Harley,#C.#D.#G.,#&#Helmuth,#B.#S.#T.#(2003).#Local6#and#regional6scale#effects#of#wave#
exposure,#thermal#stress,#and#absolute#versus#effective#shore#level#on#patterns#of#
intertidal#zonation.#Limnology#and#Oceanography,#48(4),#1498–1508.#
Harley,#C.#D.#G.,#&#Lopez,#J.#P.#(2003).#The#natural#history,#thermal#physiology,#and#
ecological#impacts#of#intertidal#mesopredators,#Oedoparena#spp.#(Dipters:#
Dryomyzidae).#Invertebrate#Biology,#122(1),#61–73.#
Harley,#C.#D.#G.,#Hughes,#A.#R.,#Hultgren,#Kristin,#M.,#Miner,#B.#G.,#Sorte,#C.#J.#B.,#Thornber,#
Carol,#S.,#Rodriguez,#L.#F.,#Tomanek,#L.,#Williams,#S.#L.#(2006).#The#impacts#of#climate#
change#in#coastal#marine#systems.#Ecology#Letters,#9(2),#228–41.#
Harley,#C.#D.#G.#(2011).#Climate#change,#keystone#predation,#and#biodiversity#loss.#Science,#
334(6059),#1124–7.#doi:10.1126/science.1210199.#
Hellmann,#J.#J.,#Byers,#J.#E.,#Bierwagen,#B.#G.,#&#Dukes,#J.#S.#(2008).#Five#potential#
consequences#of#climate#change#for#invasive#species.#Conservation#Biology,#22(3),#534–
43.#doi:10.1111/j.152361739.2008.00951.x.#
Helmuth,#B.,#Broitman,#B.#E.#R.,#Blanchette,#C.#A.,#Gilman,#S.,#Halpin,#P.,#Harley,#C.#D.#G.,#
O'Donnell,#M.#J.,#Hofmann,#G.#E.,#Menge,#B.,#Strickland,#D.#(2006).#Mosaic#patterns#of#
thermal#stress#in#the#rocky#intertidal#zone:#implications#for#climate#change.#Ecological#
Monographs,#76(4),#461–479.#
Helmuth,#B.,#Broitman,#B.#R.,#Yamane,#L.,#Gilman,#S.#E.,#Mach,#K.,#Mislan,#K.#A.#S.,#&#Denny,#M.#
W.#(2010).#Organismal#climatology:#analyzing#environmental#variability#at#scales#
relevant#to#physiological#stress.#The#Journal#of#Experimental#Biology,#213(6),#995–
1003.#doi:10.1242/jeb.038463.#
Herbert,#R.#J.#H.,#Southward,#a.#J.,#Sheader,#M.,#&#Hawkins,#S.#J.#(2007).#Influence#of#
recruitment#and#temperature#on#distribution#of#intertidal#barnacles#in#the#English#
Channel.#Journal#of#the#Marine#Biological#Association#of#the#UK,#87(2),#487.#
doi:10.1017/S0025315407052745.#
Hidas,#E.#Z.,#Russell,#K.#G.,#Ayre,#D.#J.,#&#Minchinton,#T.#E.#(2013).#Abundance#of#Tesseropora#
rosea#at#the#margins#of#its#biogeographic#range#is#closely#linked#to#recruitment,#but#not#
fecundity.#Marine#Ecology#Progress#Series,#483,#199–208.#
Hillyer,#R.,#&#Silman,#M.#R.#(2010).#Changes#in#species#interactions#across#a#2.5km#elevation#
gradient:#effects#on#plant#migration#in#response#to#climate#change.#Global#Change#
Biology,#16(12),#3205–3214.#doi:10.1111/j.136562486.2010.02268.x.#
61#
#
Hoffmann,#A.#A.,#&#Sgro,#C.#M.#(2011).#Climate#change#and#evolutionary#adaptation.#Nature,#
470,#479–85.#doi:10.1038/nature09670.#
Hoffmann,#V.,#Pfaff,#M.#C.,#&#Branch,#G.#M.#(2012).#Spatio6temporal#patterns#of#larval#supply#
and#settlement#of#intertidal#invertebrates#reflect#a#combination#of#passive#transport#
and#larval#behavior.#Journal#of#Experimental#Marine#Biology#and#Ecology,#418,#83–90.#
doi:10.1016/j.jembe.2012.03.008.#
Huey,#R.#B.,#Gilchrist,#G.#W.,#&#Hendry,#A.#P.#(2005).#Using#invasive#species#to#study#
evolution:#cases#studies#with#Drosphila#and#salmon.#In#Species#Invasions:#Insights#into#
Ecology,#Evolution,#and#Biogeography,#139–164.#
Hunt,#H.#L.,#&#Scheibling,#R.#E.#(1997).#Role#of#early#post6settlement#mortality#in#recruitment#
of#benthic#marine#invertebrates.#Marine#Ecology#Progress#Series,#155,#269–301.#
Hutchison,#V.#H.,#&#Maness,#J.#D.#(1979).#The#role#of#behavior#in#temperature#acclimation#
and#tolerance#in#ectotherms.#American#Zoologist,#19(1),#367–384.#
International#shipping#facts#and#figures#–#information#resources#on#trade,#safety,#security,#
environment.#(2012).#International#Maritime#Knowledge#Center,#1–47.#
Johnson,#B.#M.,#Martinez,#P.#J.,#Hawkins,#J.#A.,#&#Bestgen,#K.#R.#(2008).#Ranking#predatory#
threats#by#nonnative#fishes#in#the#Yampa#River,#Colorado,#via#bioenergetics#modeling.#
North#American#Journal#of#Fisheries#Management,#28(6),#1941–1953.#
doi:10.1577/M076199.1.#
Johnson,#L.#E.,#Bossenbroek,#J.#M.,#&#Kraft,#C.#E.#(2006).#Patterns#and#pathways#in#the#post6
establishment#spread#of#non6indigenous#aquatic#species:#the#slowing#invasion#of#North#
American#inland#lakes#by#the#zebra#mussel.#Biological#Invasions,#8,#475–489.#
doi:10.1007/s1053060056641262.#
Jones,#S.#J.,#Lima,#F.#P.,#&#Wethey,#D.#S.#(2010).#Rising#environmental#temperatures#and#
biogeography:#poleward#range#contraction#of#the#blue#mussel,#Mytilus#edulis#L.,#in#the#
western#Atlantic.#Journal#of#Biogeography,#37(12),#2243–2259.#doi:10.1111/j.13656
2699.2010.02386.x.#
Kado,#R.#(2003).#Invasion#of#Japanese#shores#by#the#NE#Pacific#barnacle#Balanus#glandula#
and#its#ecological#and#biogeographical#impact.#Marine#Ecology#Progress#Series,#249,#
199–206.#
Keeling,#R.#E.,#Körtzinger,#A.,#&#Gruber,#N.#(2010).#Ocean#deoxygenation#in#a#warming#world.#
Annual#Review#of#Marine#Science,#2,#199–229.#
doi:10.1146/annurev.marine.010908.163855.#
Kelley,#A.#L.,#Rivera,#C.#E.,#&#Buckley,#B.#A.#(2013).#Cold#tolerance#of#the#invasive#Carcinus#
maenas#in#the#east#Pacific:#molecular#mechanisms#and#implications#for#range#
62#
#
expansion#in#a#changing#climate.#Biological#Invasions,#15(10),#2299–2309.#
doi:10.1007/s1053060136045467.#
Kolar,#C.,#&#Lodge,#D.#(2001).#Progress#in#invasion#biology:#predicting#invaders.#Trends#in#
Ecology#&#Evolution,#16(4),#199–204.#
Kordas,#R.#L.,#Harley,#C.#D.#G.,#&#O’Connor,#M.#I.#(2011).#Community#ecology#in#a#warming#
world:#the#influence#of#temperature#on#interspecific#interactions#in#marine#systems.#
Journal#of#Experimental#Marine#Biology#and#Ecology,#400,#218–226.#
doi:10.1016/j.jembe.2011.02.029.#
Laird,#M.,#&#Griffiths,#C.#(2008).#Present#distribution#and#abundance#of#the#introduced#
barnacle#Balanus#glandula#Darwin#in#South#Africa.#African#Journal#of#Marine#Science,#
30(1),#93–100.#
Lamb,#E.#A.,#Leslie,#H.#M.,#&#Shinen,#J.#L.#(2014).#Both#like#it#hot?#Influence#of#temperature#on#
two#co6occurring#intertidal#barnacles#in#central#Chile.#Journal#of#Experimental#Marine#
Biology#and#Ecology,#453,#54–61.#doi:10.1016/j.jembe.2014.01.001.#
Largen,#M.#(1967).#Influence#of#water#temperature#upon#the#life#of#the#dog6whelk#Thias#
lapillus.#Journal#of#Animal#Ecology,#36(1),#207–214.#
Lathlean,#J.#A.,#Ayre,#D.#J.,#&#Minchinton,#T.#E.#(2011).#Rocky#intertidal#temperature#
variability#along#the#southeast#coast#of#Australia:#comparing#data#from#in#situ#loggers,#
satellite6derived#SST#and#terrestrial#weather#stations.#Marine#Ecology#Progress#Series,#
439,#83–95.#
Lathlean,#J.#A.#&#Minchinton,#T.#E.#(2012).#Manipulating#thermal#stress#on#rocky#shores#to#
predict#patterns#of#recruitment#of#marine#invertebrates#under#a#changing#climate.#
Marine#Ecology#Progres#Series,#467,#121–136.#doi:10.3354/meps09996.#
Lathlean,#J.#A.,#Ayre,#D.#J.,#&#Minchinton,#T.#E.#(2012).#Using#infrared#imagery#to#test#for#
quadrat6level#temperature#variation#and#effects#on#the#early#life#history#of#a#rocky6
shore#barnacle.#Limnology#and#Oceanography,#57(5),#1279–1291.#
doi:10.4319/lo.2012.57.5.1279.#
Lathlean,#J.#A.,#Ayre,#D.#J.,#&#Minchinton,#T.#E.#(2013).#Temperature#variability#at#the#larval#
scale#affects#early#survival#and#growth#of#an#intertidal#barnacle.#Marine#Ecology#
Progress#Series,#475,#155–166.#
Leslie,#H.#(2005).#Positive#intraspecific#effects#trump#negative#effects#in#high6density#
barnacle#aggregations.#Ecology,#86(10),#2716–2725.#
Lewis,#C.#A.#(1981).#Juvenile#to#adult#shift#in#feeding#strategies#in#the#pedunculate#barnacle#
Pollicipes#polymerus.#Crustaceana,#41(1),#14–20.#
63#
#
Lewis,#P.#N.,#Hewitt,#C.#L.,#Riddle,#M.,#&#McMinn,#A.#(2003).#Marine#introductions#in#the#
Southern#Ocean:#an#unrecognised#hazard#to#biodiversity.#Marine#Pollution#Bulletin,#
46(2),#213–23.##
Lockwood,#J.#L.,#Cassey,#P.,#&#Blackburn,#T.#(2005).#The#role#of#propagule#pressure#in#
explaining#species#invasions.#Trends#in#Ecology#&#Evolution,#20(5),#223–228.#
doi:10.1016/j.tree.2005.02.004.#
Lutjeharms,#J.#R.#E.,#&#Van#Ballegooyen,#R.#C.#(1988).#The#retroflection#of#the#Agulhas#
Current.#Journal#of#Physical#Oceanography,#18(11),#157061583.#
MacNeil,#C.,#Dick,#J.,#Alexander,#M.,#Dodd,#J.,#&#Ricciardi,#A.#(2013).#Predators#vs.#alien:#
differential#biotic#resistance#to#an#invasive#species#by#two#resident#predators.#
NeoBiota,#19,#1–19.#doi:10.3897/neobiota.19.4839.#
Mead,#A.,#Carlton,#J.#T.,#Griffiths,#C.#L.,#&#Rius,#M.#(2011a).#Introduced#and#cryptogenic#
marine#and#estuarine#species#of#South#Africa.#Journal#of#Natural#History,#45(39640),#
2463–2524.#doi:10.1080/00222933.2011.595836.#
Mead,#A.,#Carlton,#J.#T.,#Griffiths,#C.#L.,#&#Rius,#M.#(2011b).#Revealing#the#scale#of#marine#
bioinvasions#in#developing#regions:#a#South#African#re6assessment.#Biological#
Invasions.#doi:10.1007/s1053060116001669.#
Mead,#A.,#Griffiths,#C.,#Branch,#G.,#McQuaid,#C.,#Blamey,#L.,#Bolton,#J.,#Anderson,#R.#J.,#Dufois,#F.,#
Rouault,#M.,#Froneman,#P.#W.,#Whitfield,#A.#K.,#Harris,#L.#R.,#Nel,#R.,#Pillay,#D.,#Adams,#J.#
(2013).#Human6mediated#drivers#of#change#—#impacts#on#coastal#ecosystems#and#
marine#biota#of#South#Africa.#African#Journal#of#Marine#Science,#35(3),#403–425.#
Meager,#J.#J.,#Schlacher,#T.#A.,#Green,#M.#(2011).#Topographic#complexity#and#landscape#6
temperature#patterns#create#a#dynamic#habitat#structure#on#a#rocky#intertidal#shore.#
Marine#Ecology#Progress#Series,#428,#1612.##
Menge,#B.#A.#(2000).#Recruitment#vs.#postrecruitment#processes#as#determinants#of#
barnacle#population#abundance.#Ecological#Monographs,#70(2),#265–288.#
doi:10.2307/2657177.#
Menge,#B.#A.,#Foley,#M.#M.,#Pamplin,#J.,#Murphy,#G.,#&#Pennington,#C.#(2010).#Supply6side#
ecology,#barnacle#recruitment,#and#rocky#intertidal#community#dynamics:#do#
settlement#surface#and#limpet#disturbance#matter?#Journal#of#Experimental#Marine#
Biology#and#Ecology,#392,#160–175.#doi:10.1016/j.jembe.2010.04.032.#
Miller,#L.#P.,#&#Denny#M.#W.#(2011).#Importance#of#behavior#and#morphological#traits#for#
controlling#body#temperature#Littorinid#snails.#Biological#Bulletin,#220,#2096222.##
64#
#
Molnar,#J.,#Gamboa,#R.,#Revenga,#C.,#&#Spalding,#M.#(2008).#Assessing#the#global#threat#of#
invasive#species#to#marine#biodiversity.#Frontiers#in#Ecology#and#Environment,#6(9),#
485–492.#
Moloney,#C.,#Fennessy,#S.,#Gibbons,#M.,#Roychoudhury,#A.,#Shillington,#F.,#von#der#Heyden,#B.,#
&#Watermeyer,#K.#(2013).#Reviewing#evidence#of#marine#ecosystem#change#off#South#
Africa.#African#Journal#of#Marine#Science,#35(3),#427–448.#
Morley,#S.#A.,#Bates,#A.#E.,#Lamare,#M.,#Richard,#J.,#Nguyen,#K.#D.,#Brown,#J.,#&#Peck,#L.#S.#
(2014).#Rates#of#warming#and#the#global#sensitivity#of#shallow#water#marine#
invertebrates#to#elevated#temperature.#Journal#of#the#Marine#Biological#Association#of#
the#United#Kingdom,#1–7.#doi:10.1017/S0025315414000307.#
Mrowicki,#R.#J.,#Maggs,#C.#A.,#&#O’Connor,#N.#E.#(2014).#Does#wave#exposure#determine#the#
interactive#effects#of#losing#key#grazers#and#ecosystem#engineers?#Journal#of#
Experimental#Marine#Biology#and#Ecology,#461,#416–424.#
Newman,#W.#A.,#&#Abbott,#D.#P.#(1980).#Cirripedia:#the#Barnacles.#In#Intertidal#Invertebrates#
of#California.#Stanford#University#Press,#504–535.##
Nishizaki,#M.,#&#Carrington,#E.#(2014).#Temperature#and#water#flow#influence#feeding#
behavior#and#success#in#the#barnacle#Balanus#glandula.#Marine#Ecology#Progress#Series,#
507,#207–218.#doi:10.3354/meps10848.#
O’Connor,#M.#I.,#Bruno,#J.#F.,#Gaines,#S.#D.,#Halpern,#B.#S.,#Lester,#S.#E.,#Kinlan,#B.#P.,#&#Weiss,#J.#
M.#(2007).#Temperature#control#of#larval#dispersal#and#the#implications#for#marine#
ecology,#evolution,#and#conservation.#Proceedings#of#the#National#Academy#of#Sciences#
of#the#United#States#of#America,#104(4),#1266–71.#doi:10.1073/pnas.0603422104.#
O’Connor,#N.#J.#(2014).#Invasion#dynamics#on#a#temperate#rocky#shore:#from#early#invasion#
to#establishment#of#a#marine#invader.#Biological#Invasions,#16(1),#73–87.#
doi:10.1007/s1053060136050461.#
O’Riordan,#R.#M.,#Power,#A.#M.,#&#Myers,#A.#A.#(2010).#Factors,#at#different#scales,#affecting#
the#distribution#of#species#of#the#genus#Chthamalus#ranzani#(Cirripedia,#
Balanomorpha,#Chthamaloidea).#Journal#of#Experimental#Marine#Biology#and#Ecology,#
392,#46–64.#doi:10.1016/j.jembe.2010.04.010.#
Parker,#I.#M.,#Simberloff,#D.,#Lonsdale,#W.#M.,#Goodell,#K.,#Wonham,#M.,#Kareiva,#P.#M.,#
Williamson,#M.#H.,#Von#Holle,#B.,#Moyle,#P.#B.,#Byers,#J.#E.,##Goldwasser,#L.#(1999).#Impact:#
toward#a#framework#for#understanding#the#ecological#effects#of#invaders.#Biological#
Invasions,#1,#3–19.#
Perdereau,#E.,#Dedeine,#F.,#Christidès,#J.#P.,#Dupont,#S.,#&#Bagnères,#A.#G.#(2011).#Competition#
between#invasive#and#indigenous#species:#an#insular#case#study#of#subterranean#
termites.#Biological#Invasions,#13(6),#1457–1470.#doi:10.1007/s1053060106990665.#
65#
#
Pfaff,#M.#C.,#Branch,#G.#M.,#Wieters,#E.#A.,#Branch,#R.#A.,#&#Broitman,#B.#R.#(2011).#Upwelling#
intensity#and#wave#exposure#determine#recruitment#of#intertidal#mussels#and#
barnacles#in#the#southern#Benguela#upwelling#region.#Marine#Ecology#Progress#Series,#
425,#141–152.#doi:10.3354/meps09003.#
Pörtner,#H.#O.,#&#Knust,#R.#(2007).#Climate#change#affects#marine#fishes#through#the#oxygen#
limitation#of#thermal#tolerance.#Science,#315,#95–7.#doi:10.1126/science.1135471.#
Przeslawski,#R.,#Davis,#A.#R.,#&#Benkendorff,#K.#(2005).#Synergistic#effects#associated#with#
climate#change#and#the#development#of#rocky#shore#molluscs.#Global#Change#Biology,#
11,#515–522.#doi:10.1111/j.136562486.2005.00918.x.#
Rando,#O.#J.,#&#Verstrepen,#K.#J.#(2007).#Timescales#of#genetic#and#epigenetic#inheritance.#
Cell,#128(4),#655–68.#doi:10.1016/j.cell.2007.01.023.#
Ricciardi,#A.,#&#Cohen,#J.#(2007).#The#invasiveness#of#an#introduced#species#does#not#predict#
its#impact.#Biological#Invasions,#9(3),#309–315.#doi:10.1007/s1053060066903464.#
Rico,#A.,#&#Gappa,#J.#L.#(2006).#Intertidal#and#subtidal#fouling#assemblages#in#a#Patagonian#
harbour#(Argentina,#southwest#Atlantic).#Hydrobiologia,#563(1),#9–18.#
doi:10.1007/s1075060056133764.#
Rius,#M.,#Clusella6Trullas,#S.,#McQuaid,#C.#D.,#Navarro,#R.#A.,#Griffiths,#C.#L.,#Matthee,#C.#A.,#von#
der#Heyden,#S.,#Turon,#X.#(2014).#Range#expansions#across#ecoregions:#interactions#of#
climate#change,#physiology#and#genetic#diversity.#Global#Ecology#and#Biogeography,#
23(1),#76–88.#doi:10.1111/geb.12105.#
Robinson#T.#B.,#Griffiths#C.#L.,#Mcquaid#C.,#Rius,#M.#(2005)#Marine#alien#species#of#South#
Africa#—#status#and#impacts.#African#Journal#of#Marine#Science,#27,#297–306.#
Robinson,#T.#B.,#Pope,#H.#R.,#Hawkin,#L.,#Binneman,#C.#(in#press).#Predation6driven#biotic##
resistance#fails#to#regulate#a#sessile#rocky#shore#invader.#Marine#Ecology#Progress#
Series.#DOI:#10.3354/meps11167.#
Roemmich,#D.,#Gilson,#J.,#Davis,#R.,#Sutton,#P.,#Wijffels,#S.,#&#Riser,#S.#(2007).#Decadal#spinup#
of#the#South#Pacific#subtropical#gyre.#Journal#of#Physical#Oceanography,#37(2),#162–
173.#doi:10.1175/JPO3004.1.#
Rognstad,#R.#L.,#&#Hilbish,#T.#J.#(2014).#Temperature6induced#variation#in#the#survival#of#
brooded#embryos#drives#patterns#of#recruitment#and#abundance#in#Semibalanus#
balanoides.#Journal#of#Experimental#Marine#Biology#and#Ecology,#461,#357–363.#
doi:10.1016/j.jembe.2014.09.012.#
Rouault,#M.,#Pohl,#B.,#&#Penven,#P.#(2010).#Coastal#oceanic#climate#change#and#variability#
from#1982#to#2009#around#South#Africa.#African#Journal#of#Marine#Science,#32(2),#237–
246.#doi:10.2989/1814232X.2010.501563.#
66#
#
Ruiz,#G.#M.,#Carlton,#J.#T.,#Grosholz,#E.#D.,#&#Hines,#A.#H.#(1997).#Global#invasions#of#marine#
and#estuarine#habitats#by#non6indigenous#species:#mechanisms,#extent,#and#
consequences.#American#Journal#of#Zoology,#37,#621–632.#
Ruiz,#G.#M.,#Fofonoff,#P.,#Hines,#A.#H.,#&#Grosholz,#E.#D.#(1999).#Non6indigenous#species#as#
stressors#in#estuarine#and#marine#communities:#Assessing#invasion#impacts#and#
interactions.#Limnology#and#Oceanography,#44,#950–972.#
doi:10.4319/lo.1999.44.3_part_2.0950.#
Sadchethswaran#S.,#Branch,#G.#M.,#Robinson,#T.#B.#(in#review).#Changing#habitat#complexity#
resulting#from#the#sequential#invasion#of#a#rocky#shore:#implications#for#community#
structure.#Invasion#Biology.##
Sanford,#E.#(2002).#Water#temperature,#predation,#and#the#neglected#role#of#physiological#
rate#effects#in#rocky#intertidal#communities.#Integrative#and#Comparative#Biology,#42,#
881–891.#
Sanford,#E.,#Bermudez,#D.,#Bertness,#M.#D.,#&#Gaines,#S.#D.#(1994).#Flow,#food#supply#and#
acorn#barnacle#population#dynamics.#Marine#Ecology#Progress#Series,#104,#49–62.#
Savoya,#V.,#&#Schwindt,#E.#(2010).#Effect#of#the#substratum#in#the#recruitment#and#survival#
of#the#introduced#barnacle#Balanus#glandula#(Darwin#1854)#in#Patagonia,#Argentina.#
Journal#of#Experimental#Marine#Biology#and#Ecology,#382(2),#125–130.#
doi:10.1016/j.jembe.2009.10.012.#
Schwindt,#E.#(2007).#The#invasion#of#the#acorn#barnacle#Balanus#glandula#in#the#south6
western#Atlantic#40#years#later.#Journal#of#the#Marine#Biological#Association#of#the#UK,#
87,#1219–1225.#doi:10.1017/S0025315407056895.#
Shanks,#A.#(2009).#Barnacle#settlement#versus#recruitment#as#indicators#of#larval#delivery.#I.#
Effects#of#post6settlement#mortality#and#recruit#density.#Marine#Ecology#Progress#
Series,#385,#205–216.#doi:10.3354/meps08105.#
Shannon#L.#V.#(1985).#The#Benguela#ecosystem#Part#I:#evolution#of#the#Benguela,#physical#
features#and#processes.#Oceanography#and#Marine#Biology:#An#Annual#Review,#23,#105–#
182.#
Shannon,#L.#V.,#&#Nelson,#G.#(1996).#The#Benguela:#large#scale#features#and#processes#and#
system#variability.#In#The#South#Atlantic.#Springer#Berlin#Heidelberg,#1636210.#
Shinen,#J.#S.,#&#Morgan,#S.#G.#(2009).#Mechanisms#of#invasion#resistance:#competition#among#
intertidal#mussels#promotes#establishment#of#invasive#species#and#displacement#of#
native#species.#Marine#Ecology#Progress#Series,#383,#187–197.#
doi:10.3354/meps07982.#
67#
#
Simon6Blecher,#N.,#Granevitze,#Z.,#&#Achituv,#Y.#(2008).#Balanus#glandula:#from#north6west#
America#to#the#West#Coast#of#South#Africa.#African#Journal#of#Marine#Science,#30(1),#85–
92.#
Sink#K.,#Holness#S.,#Harris#L.,#Majiedt,#P.,#Atkinson,#L.,#Robinson,#T.,#Kirkman,#S.,#Hutchings,#
L.,#Leslie,#R.,#Lamberth,#S.,#Kerwath,#S.,#von#der#Heyden,#S.,#Lombard,#A.,#Attwood,#C.,#
Branch,#G.,#Fairweather,#T.,#Taljaard,#S.,#Weerts,#S.,#Cowley,#P.,#Awad,#A.,#Halpern,#B.,#
Grantham,#H.,#Wolf,#T.#(2011).#National#biodiversity#assessment:#marine#and#coastal#
component,#4,#1–329.#
Skinner,#L.#F.,#&#Coutinho,#R.#(2005).#Effect#of#microhabitat#distribution#and#substrate#
roughness#on#barnacle#Tetraclita#stalactifera#(Lamarck,#1818)#settlement.#Brazilian#
Archives#of#Biology#and#Technology,#48,#109–113.#
Smit,#A.#J.,#Roberts,#M.,#Anderson,#R.#J.,#Dufois,#F.,#Dudley,#S.#F.#J.,#Bornman,#T.#G.,#Olbers,#J.,#
Bolton,#J.#J.#(2013).#A#coastal#seawater#temperature#dataset#for#biogeographical#
studies:#large#biases#between#in#situ#and#remotely6sensed#data#sets#around#the#coast#of#
South#Africa.#PloS#One,#8(12),#e81944.#doi:10.1371/journal.pone.0081944.#
Somero,#G.#N.#(2002).#Thermal#physiology#and#vertical#zonation#of#intertidal#animals:#
optima,#limits,#and#costs#of#living.#Integrative#and#Comparative#Biology,#42(4),#780–9.#
doi:10.1093/icb/42.4.780.#
Somero,#G.#N.#(2010).#The#physiology#of#climate#change:#how#potentials#for#acclimatization#
and#genetic#adaptation#will#determine#“winners”#and#“losers”.#The#Journal#of#
Experimental#Biology,#213,#912–20.#doi:10.1242/jeb.037473.#
Somero,#G.#N.#(2012).#The#physiology#of#global#change:#linking#patterns#to#mechanisms.#
Annual#Review#of#Marine#Science,#4,#39–61.#doi:10.1146/annurev6marine61207106
100935.#
Sorte,#C.#J.#B.,#Williams,#S.#L.,#&#Zerebecki,#R.#A.#(2010a).#Ocean#warming#increases#threat#of#
invasive#species#in#a#marine#fouling#community.#Ecology,#91(8),#2198–2204.#
Sorte,#C.#J.#B.,#Williams,#S.#L.,#&#Carlton,#J.#T.#(2010b).#Marine#range#shifts#and#species#
introductions:#camparative#spread#rates#and#community#impacts.#Global#Ecology#and#
Biogeography,#19,#3036316.##
Sorte,#C.#J.#B.,#Jones,#S.#J.,#&#Miller,#L.#P.#(2011).#Geographic#variation#in#temperature#
tolerance#as#an#indicator#of#potential#population#responses#to#climate#change.#Journal#
of#Experimental#Marine#Biology#and#Ecology,#400,#209617.#
Southward,#A.,#Hawkins,#S.,#&#Burrows,#M.#(1995).#Seventy#years’#observations#of#changes#
in#distribution#and#abundance#of#zooplankton#and#intertidal#organisms#in#the#western#
English#channel#inrelation#to#rising#sea#temperature.#Journal#of#Thermal#Biology,#20,#
127–155.#
68#
#
Spinuzzi,#S.,#Schneider,#K.#R.,#Walters,#L.#J.,#Yuan,#W.#S.,#&#Hoffman,#E.#A.#(2013).#Tracking#the#
distribution#of#non6native#marine#invertebrates#(Mytella#charruana,#Perna#viridis#and#
Megabalanus#coccopoma)#along#the#south6eastern#USA.#Marine#Biodiversity#Records,#6,#
e55.#doi:10.1017/S1755267213000316.#
Stachowicz,#J.#J.,#Terwin,#J.#R.,#Whitlatch,#R.#B.,#&#Osman,#R.#W.#(2002).#Linking#climate#
change#and#biological#invasions:#ocean#warming#facilitates#nonindigenous#species#
invasions.#Proceedings#of#the#National#Academy#of#Sciences#of#the#United#States#of#
America,#99(24),#15497–500.#doi:10.1073/pnas.242437499.#
Steffani,#C.#N.,#Branch,#G.#M.#(2003).#Growth#rate,#condition,#and#shell#shape#of#Mytilus#
galloprovincialis:#responses#to#wave#exposure.#Marine#Ecology#Progress#Series,#246,#
1976209.#
Strayer,#D.#L.,#Caraco,#N.#F.,#Cole,#J.#J.,#Findlay,#S.,#&#Pace,#M.#L.#(1999).#Transformation#of#
freshwater#ecosystems#by#bivalves.#BioScience,#49(1),#19–27.#
Suárez,#E.#R.,#Fahey,#T.#J.,#Groffman,#P.#M.,#Yavitt,#J.#B.,#&#Bohlen,#P.#J.#(2006).#Spatial#and#
temporal#dynamics#of#exotic#earthworm#communities#along#invasion#fronts#in#a#
temperate#hardwood#forest#in#south6central#New#York#(USA).#Biological#Invasions,#
8(4),#553–564.#doi:10.1007/s105306005611966y.#
Szathmary,#P.#L.,#Helmuth,#B.,#&#Wethey,#D.#S.#(2009).#Climate#change#in#the#rocky#intertidal#
zone:#predicting#and#measuring#the#body#temperature#of#a#keystone#predator.#Marine#
Ecology#Progress#Series,#374,#43–56.#doi:10.3354/meps07682.#
Thiyagarajan,#V.,#&#Qian,#P.#(2003).#Effect#of#temperature,#salinity#and#delayed#attachment#
on#development#of#the#solitary#ascidian#Styela#plicata#(Lesueur).#Journal#of#
Experimental#Marine#Biology#and#Ecology,#290,#133–146.#doi:10.1016/S00226
0981(03)0007166.#
Torchin,#M.#E.,#Lafferty,#K.#D.,#Dobson,#A.#P.,#Mckenzie,#V.#J.,#&#Kuris,#A.#M.#(2003).#Introduced#
species#and#their#missing#parasites.#Nature,#421,#628–630.#
doi:10.1038/nature01346.1.#
Trager#G.#C.,#Hwang#J.6S.,#Strickler#J.#R.#(1990)#Barnacle#suspension6feeding#in#variable#flow.#
Marine#Biology,#105,#117–127.#
Twardochleb,#L.#A.,#Novak,#M.,#&#Moore,#J.#W.#(2012).#Using#the#functional#response#of#a#
consumer#to#predict#biotic#resistance#to#invasive#prey.#Ecological#Applications:#A#
Publication#of#the#Ecological#Society#of#America,#22(4),#1162–71.#
#Van#der#Putten,#W.#H.,#Macel,#M.,#&#Visser,#M.#E.#(2010).#Predicting#species#distribution#and#
abundance#responses#to#climate#change:#why#it#is#essential#to#include#biotic#
interactions#across#trophic#levels.#Philosophical#Transactions#of#the#Royal#Society#of#
69#
#
London.#Series#B,#Biological#Sciences,#365(1549),#2025–34.#
doi:10.1098/rstb.2010.0037.#
Walther,#G.6R.,#Roques,#A.,#Hulme,#P.#E.,#Sykes,#M.#T.,#Pyšek,#P.,#Kühn,#I.,#Zobel,#M.,#Bacher,#S.,#
Botta6Dukát,#Z.,#Bugmann,#H.,#Czúcz,#B.,#Dauber,#J.,#Hickler,#T.,#Jarosík,#V.,#Kenis,#M.,#
Klotz,#S.,#Minchin,#D.,#Moora,#M.,#Nentwig,#W.,#Ott,#J.,#Panov,#V.#E.,#Reineking,#B.,#Robinet,#
C.,#Semenchenko,#V.,#Solarz,#W.,#Thuiller,#W.,#Vilà,#M.,#Vohland,#K.,#Settele,#J.#(2009).#
Alien#species#in#a#warmer#world:#risks#and#opportunities.#Trends#in#Ecology#&#
Evolution,#24(12),#686–93.#doi:10.1016/j.tree.2009.06.008.#
Weis,#V.#M.#(2010).#The#susceptibility#and#resilience#of#corals#to#thermal#stress:#adaptation,#
acclimatization#or#both?#Molecular#Ecology,#19(8),#1515–7.#doi:10.1111/j.13656
294X.2010.04575.x.#
Wethey,#D.#S.#(1983).#Geographic#limits#and#local#zonation:#the#barnacles#Semibalanus#
(Balanus)#and#Chthamalus#in#New#England.#Biological#Bulletin,#165(1),#330–341.#
Whitney,#K.#D.,#&#Gabler,#C.#A.#(2008).#Rapid#evolution#in#introduced#species,#“invasive#
traits”#and#recipient#communities:#challenges#for#predicting#invasive#potential.#
Diversity#and#Distributions,#14,#569–580.#doi:10.1111/j.147264642.2008.00473.x.#
Wong,#K.#K.#W.,#Tsang,#L.#M.,#Cartwright,#S.#R.,#Williams,#G.#A.,#Chan,#B.#K.#K.,#&#Chu,#K.#H.#
(2014).#Physiological#responses#of#two#acorn#barnacles,#Tetraclita#japonica#and#
Megabalanus#volcano,#to#summer#heat#stress#on#a#tropical#shore.#Journal#of#
Experimental#Marine#Biology#and#Ecology,#461,#243–249.#
Wonham,#M.#J.,#O'Connor,#M.,#Harley,#C.#D.#G.#(2005).#Positive#effects#of#a#dominant#invader#
on#introduced#and#native#mudflat#species.#Marine#Ecology#Progress#Series,#289,#1096
116.##
Zabin,#C.#J.,#Zardus,#J.,#Pitombo,#F.#B.,#Fread,#V.,#&#Hadfield,#M.#G.#(2007).#A#tale#of#three#seas:#
consistency#of#natural#history#traits#in#a#Caribbean–Atlantic#barnacle#introduced#to#
Hawaii.#Biological#Invasions,#9,#523–544.#doi:10.1007/s105306006690566y.#
Zacherl,#D.,#Gaines,#S.#D.,#&#Lonhart,#S.#I.#(2003).#The#limits#to#biogeographical#distributions:#
insights#from#the#northward#range#extension#of#the#marine#snail,#Kelletia#kelletii#
(Forbes,#1852).#Journal#of#Biogeography,#30,#913–924.#doi:10.1046/j.13656
2699.2003.00899.x.#
Zerebecki,#R.#A.,#&#Sorte,#C.#J.#B.#(2011).#Temperature#tolerance#and#stress#proteins#as#
mechanisms#of#invasive#species#success.#PloS#ONE,#6(4),#e14806.#
doi:10.1371/journal.pone.0014806.#
#
